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( 54 ) Title of the invention: Stage Device, Exposure Apparatus, and Positioning 
Method Using the Stage Device 



(57) Abstract 

Pur P° se: To enable a stage to be movable in an area wider than the measurement 
range of an interferometer for measuring the position of the stage and enable 
measuring the position of the stage with high precision. 

Configuration : When a wafer stage WST moves from the position where laser beams 
from laser interferometers 15X1, 15X2, and 15Y are not applied to movable mirrors 
22X and 22 Y disposed on the side surfaces thereof and enters the measurement range 
of the laser interferometers 15X1, 15X2, and 15Y, the position of a reference mark 
MA is measured by a wafer alignment sensor, and the measurement values measured 
by the laser interferometers 15X1, 15x2, and 15Y are corrected on the basis of the 
results of the measurement by the wafer alignment sensor. When a measurement 
stage 14 enters the measurement range of the laser interferometers 15X1, 15X2, and 
15Y, the position of the reference mark MB is measured by the wafer alignment 
sensor, and the measurement values measured by the laser interferometers 15X1, 
15X2, and 15Y are corrected on the basis of the results of the measurement by the 
wafer alignment sensor. 
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Scope of Patent Claims 
Claim 1 

A stage device comprising: 

a plurality of movable stages disposed on a specific movement plane so as to 
be movable independently of each other; and 

a first measurement system which measures a position of one of the plurality 
of movable stages within a predetermined measurement range, characterized in that: 

the stage device further comprises a second measurement system which 
measures an amount of positional deviation of each of the plurality of movable stages 
from a predetermined reference position within the predetermined measurement 
range, or the degree of coincidence of each of the plurality of movable stages with 
respect to this reference position; and 

a measurement value obtained with the first measurement system is corrected 
on the basis of the result of the measurement by the second measurement system. 
Claim 2 

A stage device comprising: 

a plurality of movable stages disposed in a specific movement plane so as to 
be movable independently of each other; and 

a first measurement system which measures within a predetermined first 
measurement range the position of one of the plurality of movable stages, 
characterized in that: 

the stage device further comprises: 

a second measurement system which continuously measures the positions of 
the plurality of movable stages within a predetermined second measurement range 
partially overlapping the first measurement range; and 

a control system which corrects the results of the measurement by the first and 
second measurement systems on the basis of the results of the measurement by these 
two measurement systems. 
Claim 3 

The stage device according to claim 2, characterized in that the first 
measurement system is an interferometer, and the second measurement system is a 
plurality of interferometers which have successively and partially overlapping ranges 
of measurement. 
Claim 4 

An exposure apparatus provided with the stage device according to claim 1, 2, 
or 3, characterized in that masks on which mutually different patterns are formed are 
placed on the plurality of movable stages of the stage device, and the patterns of the 
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mask on the plurality of movable stages are alternately transferred onto a substrate 
while being positioned. 
Claim 5 

An exposure apparatus provided with the stage device according to claim 1, 2, 
or 3, characterized in that a mask is placed on a first movable stage among the 
plurality of movable stages of the stage device, a characteristic measurement 
apparatus which measures characteristics during the transfer of a pattern of the mask 
is placed on the second movable stage, and the pattern of the mask is transferred onto 
a substrate. 
Claim 6 

An exposure apparatus provided with the stage device according to claim 1 , 2, 
or 3, characterized in that a substrate is placed on each of the plurality of movable 
stages of the stage device, and the plurality of substrates are alternately exposed with 
mask patterns while the plurality of movable stages are alternately positioned at a 
exposure position. 
Claim 7 

An exposure apparatus provided with the stage device according to claim 1 , 2, 
or 3 and a projection optical system, characterized in that a substrate is placed on the 
first movable stage of the plurality of movable stages of the stage device, a 
characteristic measurement apparatus which measures imaging characteristics of the 
projection optical system is placed on the second movable stage, and the substrate on 
the first movable stage is exposed with a mask pattern via the projection optical 
system. 
Claim 8 

A positioning method that makes use of the stage device according to claim 1 , 
characterized in that when one of the plurality of movable stages enters the 
measurement range of the first measurement system, the amount of positional 
deviation of the one movable stage from the reference position within the 
measurement range, or the degree of coincidence of the one movable stage with 
respect to this reference position, is measured by the second measurement system, and 
a measurement value obtained with the first measurement system is corrected on the 
basis of the result of the measurement by the second measurement system. 
Claim 9 

A positioning method that makes use of the stage device according to claim 2 
or 3, characterized in that when one of the plurality of movable stages enters the first 
measurement range from the second measurement range, the position of the one 
movable stage is simultaneously measured by the first and second measurement 
systems, and the result of the measurement by the first measurement system is 
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matched on the basis of the measurement result of the position to the result of the 
measurement by the second measurement system. 
Detailed Description of the Invention 
[0001] 

Technical Field to which the Invention belongs 

The present invention relates to a stage device for positioning a workpiece to 
be machined, for example, and to an exposure apparatus equipped with this stage 
device and used in transferring a mask pattern onto a substrate in a lithographic 
process for manufacturing semiconductor devices, liquid crystal display devices, thin 
film magnetic heads, and so forth. The present invention is particularly suitable for 
use in exposure apparatuses having various mechanisms such as a mechanism for 
measuring imaging characteristics. 
[0002] 
Prior Art 

High exposure precision is required of a batch exposure type (stepper type) or 
scanning exposure type (step-and-scan type) of exposure apparatus used in the 
manufacture of semiconductor devices and the like. Accordingly, in the conventional 
exposure apparatus, a movable mirror would be fixed to the side surface of a reticle 
stage for carrying and positioning the reticle serving as a mask, or to that of a two- 
dimensionally moving wafer stage for carrying the wafer serving as a substrate, and a 
measurement beam would be directed at this movable mirror from an interferometer 
such as a laser interferometer, the result of which was that the amount of movement of 
the stage was continuously measured at all times, and the positioning of the stage 
could be carried out with high precision on the basis of the measured values. Usually, 
with such a stage device, interferometers on three axes have been used to measure 
displacement in three degrees of freedom, consisting of the two-dimensional 
movement component and the rotation component of the movable stage. 
[0003] 

With such a conventional stage device, however, measurement beams from the 
respective interferometers had to be constantly directed at the movable mirror in all 
regions of the maximum movement range (movable range) of the movable stage, and 
because of this, the movable mirror had to be made larger than the movable range so 
that it would continue to reflect the measurement beams from the interferometers even 
if the movable stage moved. 
[0004] 

Consequently, a large movable mirror was needed if the movable range of the 
movable stage was to be expanded, and this inevitably led to the overall size of the 
stage being larger, which was a problem in that the stage was heavier and therefore 
more difficult to move quickly. In addition, machining a large movable mirror to the 
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required degree of flatness entails tremendous technical difficulty, and fixing the 
movable mirror to the side of the movable stage without causing the mirror to bend 
also presents daunting technical difficulty. Unfortunately, a decrease in the flatness of 
the movable mirror translates directly into a decrease in positioning precision of the 
stage by interferometer, so ultimately there is no choice but to limit the movable range 
of the movable stage. 
[0005] 

A stage device intended to solve this problem is disclosed in Japanese 
Unexamined Patent Application Publication No. 7-253304, for example. With this 
disclosed stage device, the number of interferometers used is greater (such as four 
axes) than the number of degrees of freedom in the displacement of the movable stage 
(such as three degrees of freedom), which allows the freedom of movement of a given 
stage to be measured by the remaining interferometers even if the measurement beam 
from one interferometer should be outside the measurement range of the movable 
mirror. Once the movable mirror moves back into the measurement range of this one 
interferometer that misses the movable mirror, the measurement values obtained with 
the remaining interferometers are set as the initial value for this one interferometer, 
which allows the amount of movement of the movable stage to be measured by this 
one interferometer, and makes the movable mirror smaller than the movable range of 
the movable stage. 
[0006] 

In addition, with these conventional exposure apparatus, the exposure always 
has to be performed with the proper amount of exposure light and with the imaging 
characteristics maintained in a favorable state, so a measurement apparatus for 
measuring the state of exposure light irradiation and the like or for measuring the 
imaging characteristics, such as the projection magnification, is provided to the reticle 
stage on which the reticle is positioned or to the wafer stage on which the wafer is 
positioned. Examples of a measurement apparatus provided to a wafer stage include 
an irradiation quantity monitor for measuring the incident energy of exposure light 
incident to the projection optical system, and a spatial image detection system for 
measuring the position, contrast, etc., of a projected image. An example of a 
measurement apparatus provided to a reticle stage is a reference plate on which is 
formed an index mark used for the imaging characteristic measurement of the 
projection optical system. 
[0007] 

Problems to Be Solved by the Invention 

With the above-mentioned conventional exposure apparatus, a measurement 
apparatus provided to the reticle stage or the wafer stage was used to achieve the 
proper amount of exposure and to maintain higher imaging characteristics. 
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Nevertheless, today's exposure apparatus also need to increase the throughput 
(productivity) of the exposure process in the manufacture of semiconductor devices 
and the like. Ways of increasing throughput include increasing the exposure energy 
per unit of time, and raising the drive speed of the stage so as to shorten the stepping 
time with a batch exposure type or shorten the stepping time and the scanning 
exposure time with a step-and-scan type. 
[0008] 

To thus increase the drive speed of the stage, a drive motor with a larger 
output is used if the size of the stage system is not to be changed, and conversely, to 
increase the drive speed with a drive motor of the same output as in the past, the stage 
system must be made more compact and lightweight. In the former case, however, 
the use of a drive motor with a larger output increases the amount of heat generated 
from the drive motor. This increase in the amount of heat causes subtle thermal 
deformation in the stage system, which could conceivably preclude obtaining the high 
positional precision required of the exposure apparatus. In view of this, the latter 
case, namely, making the stage system as compact and lightweight as possible, is the 
preferable way to increase drive speed. 
[0009] 

Particularly, with a step-and-scan type of exposure apparatus, a higher drive 
speed shortens the exposure scanning time and greatly improves the throughput, and 
another advantage is that synchronization precision between the reticle and wafer is 
enhanced by making the stage system more compact, as are imaging performance and 
alignment precision. It is difficult, however, to make the stage more compact when 
various measurement apparatus are provided to the reticle stage or wafer stage as in 
the past. 
[0010] 

Furthermore, when a measurement apparatus for measuring the state of 
exposure light, imaging characteristics, or the like is provided to the reticle stage or * 
wafer stage, a heat source such as an amp is usually attached to this measurement 
apparatus, and the temperature of this measurement apparatus is gradually raised by 
irradiation with the exposure light during the measurement. As a result, there is the 
danger of subtle thermal deformation in the reticle stage or wafer stage and 
deterioration in positioning precision, alignment precision, and so on. At present, the 
deterioration in positioning precision and the like caused by the elevated temperature 
of a measurement apparatus is slight, but as the circuit patterns of semiconductor 
devices and so forth become even finer in the future, the need to minimize the effect 
of high measurement apparatus temperatures is expected to grow. 
[0011] 
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In regard to this, the length of the movable mirror can be reduced compared to 
the movable range of the movable stage by using the stage device disclosed in the 
above-mentioned Japanese Unexamined Patent Application Publication No. 7- 
253304, but this contributes little to making the movable stage itself more compact. 
Therefore, another way is needed to improve throughput in the exposure step and 
reduce the effect of the irradiation heat of the exposure light. 
[0012] 

In addition, there is also a need to improve resolution, depth of forcus (DOF), 
line width control precision, and so forth with an exposure apparatus, and particularly 
a projection exposure apparatus. When the exposure wavelength is X and the number 
of apertures in the projection optical system is N.A., then the resolution R is 
proportional to A7N.A., and the depth of focus DOF is proportional to X/(N.A.) 2 . 
Accordingly, merely reducing the exposure wavelength X and increasing the number 
of apertures N.A. in order to increase the resolution R (make the value of R smaller) 
results in a depth of focus DOF that is too small. 
[0013] 

This necessitates the formation on the wafer of a pattern that combines a 
periodic pattern, such as a line and space (L/S) pattern, with an independent pattern, 
such as a contact hole (CH) pattern, in order to manufacture a device. As to periodic 
patterns, for instance, a technique for increasing resolution by narrowing the depth of 
focus by the so-called modified illumination method has recently been developed, as 
disclosed in Japanese Unexamined Patent Application Publication No. 4-225514. The 
phase shift reticle method has also been developed. Similarly, regarding independent 
patterns, a technique has been developed for substantially increasing depth of focus 
and the like by a method such as controlling the coherence factor of the illuminating 
light. 
[0014] 

In light of these technological trends, double exposure is being given a second 
look as a method for increasing resolution substantially without making the depth of 
focus too deep. Specifically, when the double exposure method is applied, the reticle 
pattern used for a certain layer is split into a plurality of reticle patterns according to 
the type in question, and each pattern is exposed under its own optimal illumination 
and exposure conditions, which results in an overall broad depth of focus and a high 
resolution. Recently, this double exposure method has been applied to a projection 
exposure apparatus in which a KrF excimer laser or an ArF excimer laser is used as 
the exposure light, and there have been attempts at exposing a pattern for a device 
including an L/S pattern with a line width down to just 0. 1 p,m. 
[0015] 
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However, when this double exposure method is applied to a projection 
exposure apparatus having a single wafer stage, the alignment, exposure, and other 
such steps have to be repeatedly carried out in series, which is a drawback in that 
throughput suffers markedly. In view of this, there has been proposed a projection 
exposure apparatus with which alignment and exposure can be carried out in parallel. 
However, when a plurality of wafer stages are thus provided, if an attempt is made to 
measure the positions of the movable stages of the wafer stages with a single 
interferometer, then the measurement beam of the corresponding interferometer will 
be interrupted when the movable stages move a considerable distance, so when the 
various movable stages are positioned at the exposure position alternately, for 
example, it is difficult to position the movable stages quickly and with good 
reproducibility. 
[0016] 

In light of the above, it is a first object of the present invention to provide a 
stage device having a plurality of functions, wherein the moving components are 
made smaller while still allowing these plurality of functions to be executed, so that 
these moving components can be moved quickly and their positions can be measured 
with high precision and with good reproducibility. It is a second object of the present 
invention to provide a stage device with which the moving components can be quickly 
positioned to their respective target positions with good reproducibility when a 
plurality of moving components are provided so that double exposure or the like can 
be performed. 
[0017] 

It is a third object of the present invention to provide an exposure apparatus 
equipped with such a stage device, with which the moving components for positioning 
the reticles or wafers can be made smaller while preserving the function of measuring 
the characteristics during the transfer of the reticle patterns, the imaging 
characteristics of the projection optical system, or the like. It is a fourth object of the 
present invention to provide an exposure apparatus equipped with such a stage device, 
with which double exposure or another such method can be performed at a high 
throughput. 
[0018] 

It is also an object of the present invention to provide a positioning method 
with which positioning can be carried out quickly using a stage device such as this. 
[0019] 

Means to Solve Problems 

The first stage device according to the present invention is a stage device 
which includes: a plurality of movable stages (WST, 14) disposed on a specific 
movement plane so as to be movable independently of each other; and a first 
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measurement system (15X1, 15X2, 15Y) which measures a position of one of the 
plurality of movable stages within a predetermined measurement range, wherein this 
stage device further comprises a second measurement system (16, 17 A, 17B) which 
measures an amount of positional deviation of each of the plurality of movable stages 
from a predetermined reference position within the predetermined measurement 
range, or the degree of coincidence of each of the plurality of movable stages with 
respect to this reference position; wherein a measurement value obtained with the first 
measurement system is corrected on the basis of the result of the measurement by the 
second measurement system. 
[0020] 

In accordance with this first stage device of the present invention, when a 
plurality of functions such as exposure and characteristic measurement are to be 
executed, a plurality of movable stages (moving components) are provided, each of 
which is allocated to a different function (or group of a plurality of functions) of the 
functions. This allows each movable stage to be smaller, so it can be moved more 
quickly. However, if a plurality of movable stages are merely provided, and a relative 
displacement measurement system such as a uniaxial laser interferometer is provided 
as the first measurement system, then the measurement beam of the laser 
interferometer will be interrupted if each movable stage moves a considerable 
distance, so some kind of starting point setting operation is required. In view of this, 
with the present invention a second measurement system (16, 17A, 17B) is provided 
as a kind of absolute value measurement system. 
[0021] 

When one movable stage (WST) among the plurality of movable stages enters 
the measurement range of the first measurement system from outside this 
measurement range, the amount of positional deviation of that movable stage from a 
predetermined reference position within the predetermined measurement range, or the 
degree of coincidence with respect to this reference position, is measured by the 
second measurement system, and this positional deviation, for example, is preset to 
the measurement value obtained with the first measurement system, so that the 
measurement value obtained with the first measurement system correctly indicates the 
position of this movable stage in a form with good reproducibility. Alternatively, 
when the second measurement system measures the degree of coincidence (such as 
the coincidence of two random patterns), if this degree of coincidence is over a 
specific level, the measurement value obtained with the first measurement system is 
reset, or is preset to a specific value. As a result, the movable stages are positioned 
with high precision, quickly, and with good reproducibility. 
[0022] 
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The second stage device according to the present invention is a stage device 
which comprises: a plurality of movable stages (WST1, WST2) disposed in a specific 
movement plane so as to be movable independently of each other; and a first 
measurement system (87Y3) which measures within a predetermined first 
measurement range the position of one of the plurality of movable stages, wherein this 
stage device further comprises: a second measurement system (87Y2, 87Y4) which 
continuously measures the positions of the plurality of movable stages within a 
predetermined second measurement range partially overlapping the first measurement 
range; and a control system (38) which corrects the results of the measurement by the 
first and second measurement systems on the basis of the results of the measurement 
by these two measurement systems. 
[0023] 

In accordance with this second stage device of the present invention, a 
plurality of stage devices (WST1, WST2) are provided in order to perform double 
exposure, for example. As a result, if a uniaxial laser interferometer is used as the 
first measurement system, such as a relative displacement measurement system, for 
example, then the measurement beam of this laser interferometer will miss its mark if 
the movable stage should move a considerable distance, so the problem is how to 
position the movable stages in a reproducible form. The present invention deals with 
this problem by using the uniaxial (or multiaxial) laser interferometer serving as the 
relative displacement measurement system as the first measurement system as well. 
Then, when one of the plurality of movable stages enters the second measurement 
range from the first measurement range, for example, the position of that movable 
stage is simultaneously measured by the first and second measurement systems, the 
measured value of the first measurement system is corrected according to the angle of 
rotation of that movable stage, and this corrected value is preset to the measured value 
of second measurement system, which transfers the measured value of the first 
measurement system to the second measurement system. Thereafter, that movable 
stage can be positioned with high precision and with good reproducibility using this 
second measurement system. 
[0024] 

In this case, the first and second measurement systems may use the degrees of 
interference (integer) Nl and N2 and the phases (rad) <|)1 and §2 (with a heterodyne 
interference method, these correspond to the phase difference between a reference 
signal and the measurement signal, for instance), and the function f(k) of the 
wavelength X of the measurement beam, to measure the position of a movable stage in 
the form of f(X){Nl+<|>/(27i)} and f(X){N2+<|)2/(27r)}. When measurement with the 
second measurement system is possible and the position of a movable stage is 
measured simultaneously by the first and second measurement systems, it is 
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preferable to estimate the degree of interference N2' and the phase <t>2' of the second 
measurement system from the measured values of the first measurement system and 
the angle of rotation of the movable stage, and to determine the preset value of the 
degree N2 of the second measurement system from the degree N2\ the phase (|>2\ and 
the phase <|>2 measured by the second measurement system. From there on, the 
measured value of the second measurement system is treated as f(A,){N2+(|)2/(27r)}, so 
even if there is a certain amount of discrepancy in the measurement of the angle of 
rotation of the movable stage, the position of that movable stage can be measured at 
the reproducible precision inherent to the second measurement system. The function 
f(X) is X/m, using an integer m of at least 2 as an example. 
[0025] 

The first exposure apparatus according to the present invention is an exposure 
apparatus equipped with the stage device of the present invention, wherein masks (Rl 
and R2) on which mutually different patterns are formed are placed on a plurality of 
movable stages (RST1 and RST2) of this stage device, and the patterns of the masks 
on this plurality of movable stages are alternately transferred to a substrate (Wl) 
while positioning is being performed. 
[0026] 

In accordance with this first exposure apparatus of the present invention, 
exposure can be performed using the double exposure method, and resolution and 
depth of focus can be increased. In addition, because the stage device of the present 
invention is equipped, if the position of a movable stage is to be measured by laser 
interferometer, for instance, the movable mirror installed on that movable stage can be 
smaller than the movable range of the movable stage, and this allows the movable 
stage to be lighter. It is therefore easier to move the movable stage quickly, and this 
affords a higher throughput. 
[0027] 

The second exposure apparatus according to the present invention is an 
exposure apparatus equipped with the stage device of the present invention, in which 
a mask (R) is placed on a first movable stage (RST) of a plurality of movable stages 
(RST, 5) of this stage device, a characteristic measurement apparatus (6) which 
measures the characteristics during the transfer of a pattern of the mask is placed on a 
second movable stage (5), and the pattern of the mask (R) is transferred onto a 
substrate (W). 
[0028] 

In accordance with this second exposure apparatus of the present invention, 
the first movable stage (RST) originally used for exposure is given the minimum 
function needed for exposure, which allows this first movable stage to be kept to the 
minimum required size, so the stage can be more compact and lightweight, and 
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throughput can be increased. Meanwhile, the characteristic measurement apparatus 
(6) for measuring characteristics during the transfer of the pattern of the mask (R), 
which is not directly required for exposure, is mounted on a separate second movable 
stage (5), allowing characteristics to be measured during the transfer of the mask 
pattern. In addition, the use of the stage device of the present invention allows the 
positions of a plurality of movable stages to be measured to high precision. 
[0029] 

The third exposure apparatus according to the present invention is an exposure 
apparatus equipped with the stage device of the present invention, in which substrates 
(Wl and W2) are mounted on a plurality of movable stages (WST1 and WST2) of the 
stage device, and the plurality of substrates are alternately exposed with mask patterns 
while the plurality of movable stages are alternately positioned at the exposure 
position. 
[0030] 

In accordance with this third exposure apparatus of the present invention, 
while the exposure is being carried out with one movable stage (WST1) out of the 
plurality of movable stages (WST1 and WST2), substrates can be conveyed in and out 
and aligned with the other movable stage (WST2), which increases throughput. In 
addition, the use of the stage device of the present invention allows the positions of 
the plurality of movable stages to be measured to high precision. 
[0031] 

The fourth exposure apparatus according to the present invention is an 
exposure apparatus equipped with the stage device of the present invention and a 
projection optical system (PL), in which a substrate (W) is placed on the first movable 
stage (WST) of the plurality of movable stages (WST, 14) of the stage device, a 
characteristic measurement apparatus (20) which measures the imaging characteristics 
of the projection optical system is placed on the second movable stage (14), and the 
substrate on the first movable stage is exposed with a predetermined mask pattern via 
the projection optical system. 
[0032] 

In accordance with this fourth exposure apparatus of the present invention, the 
first movable stage (WST) originally used for exposure is given the minimum 
function needed for exposure, which allows this first movable stage (WST) to be more 
compact and lightweight and increases throughput. Meanwhile, the characteristic 
measurement apparatus (20) for measuring the imaging characteristics of the 
projection optical system, which is not directly required for exposure, is mounted on a 
separate second movable stage (14), so imaging characteristics can also be measured. 
In addition, the use of the stage device of the present invention allows the positions of 
a plurality of movable stages to be measured to high precision. 
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[0033] 

The first positioning method according to the present invention is a positioning 
method that makes use of the stage device of the present invention, in which when 
one movable stage (WST) out of the plurality of movable stages (WST, 14) enters the 
measurement range of the first measurement system, the amount of positional 
deviation of the movable stage from a specific reference position within the specific 
measurement range, or the degree of coincidence with respect to this reference 
position, is measured by the second measurement system, and the measurement value 
obtained with the first measurement system is corrected on the basis of the result of 
the measurement by the second measurement system. This positioning method allows 
the plurality of movable stages to be positioned with high precision easily and with 
good reproducibility. 
[0034] 

The second positioning method according to the present invention is a 
positioning method that makes use of the stage device of the present invention, in 
which when one movable stage out of the plurality of movable stages (WST1 and 
WST2) enters the first measurement range from the second measurement range, the 
position of the one movable stage is simultaneously measured by the first and second 
measurement systems, and the result of the measurement by the first measurement 
system is matched on the basis of these measurement result of the position to the 
result of the measurement by the second measurement system. This positioning 
method allows the plurality of movable stages to be positioned with high precision 
easily and with good reproducibility. 
[0035] 

Embodiments of the Invention 

A first embodiment of the present invention will now be described with 
reference to FIGS. 1 to 4. This is an example of applying the present invention to a 
step-and-scan type of projection exposure apparatus. FIG. 1 illustrates the projection 
exposure apparatus in this example. In FIG. 1, exposure light IL is emitted during the 
exposure by an illumination system 1 including an exposure light source, a beam 
shaping optical system, a fly-eye lens for making the illumination distribution 
uniform, a light quantity monitor, a variable aperture stop, a field stop, a relay lens 
system, and so forth. This light IL illuminates a slit-shaped illumination region of the 
pattern side (lower side) of a reticle R via a mirror 2 and a condenser lens 3. This 
exposure light IL can be excimer laser light such as KrF (248 nm wavelength) or ArF 
(193 nm wavelength), a higher harmonic wave from a YAG laser, an i-ray from a 
mercury vapor lamp (365 nm wavelength), or the like. The illumination system 1 is 
designed so that the variable aperture stop thereof can be switched to allow selection 
of the desired illumination method from among ordinary illumination methods, zonal 
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illumination, so-called deformation illumination, illumination with a small coherence 
factor (a value), and the like. When the exposure light source is a laser light source, 
the emission timing thereof and other such factors are controlled by a main control 
system 10 for the general control of the operations of the apparatus as a whole via a 
laser light power which is not shown. 
[0036] 

The image of the pattern in the illumination region 9 (see FIG. 3) produced by 
illumination of this exposure light IL on the reticle R is reduced by a projection 
magnification P (p is 1/4, 1/5, or another such factor) via the projection optical system 
PL, and is projected onto a slit-shaped exposure region 12 on a wafer W that has been 
coated with a photoresist. In the following description, the Z axis extends parallel to 
the optical axis AX of the projection optical system PL, the X axis follows a non- 
scanning direction perpendicular to the scanning direction of the wafer W and the 
reticle R during the scanning exposure in a plane perpendicular to the Z axis (that is, it 
goes in a direction perpendicular to the viewing plane of FIG. 1), and the Y axis 
follows the scanning direction (that is, the direction parallel to the paper plane of FIG. 
1). 

[0037] 

First, the reticle R is vacuum chucked to the reticle stage RST, and the reticle 
stage RST is placed on two guides 4A and 4B (disposed in parallel) such that it can 
move in the Y direction via an air bearing. In this example, the measurement stage 5 
is placed on the guides 4A and 4B such that it can move in the Y direction via an air 
bearing independently of the reticle stage RST. 
[0038] 

FIG. 3 is a plan view of the reticle stage RST and the measurement stage 5. In 
FIG. 3, the reticle stage RST and the measurement stage 5 are placed so that they are 
each driven in the Y direction (scanning direction) by a linear motor or the like (not 
shown) along the guides 4A and 4B extending in the Y direction. The length of the 
guides 4A and 4B is set to be greater by at least the width of the measurement stage 5 
than the movement stroke of the reticle stage RST during the scanning exposure. The 
reticle stage RST comprises a combination of a coarse moving stage that moves in the 
Y direction and a fine moving stage with which the two-dimensional position on this 
coarse moving stage can be fine tuned. On the reticle stage RST is fixed a pair of 
reference mark plates 17C1 and 17C2 in a positional relationship that sandwiches the 
reticle R in the X direction, and two-dimensional plus-shaped (for example) reference 
marks MCI and MC2 are formed in the reference mark plates 17C1 and 17C2, 
respectively. The positional relationship of the reference marks MCI and MC2 to the 
original pattern of the reticle R is measured ahead of time with high precision and 
recorded in the memory component of the main control system 10. 
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[0039] 

A reference plate 6 composed of a slender (in the X direction) sheet of glass is 
fixed over the measurement stage 5, and a plurality of index marks IM for measuring 
the imaging characteristics of the projection optical system PL are formed on the 
reference plate 6. The reference plate 6 is big enough to cover the slit-shaped 
illumination region 9 of the exposure light on the reticle R, or more accurately, to 
cover the field of vision in the X direction on the reticle R side of the projection 
optical system PL. Use of the reference plate 6 eliminates the need to ready a 
dedicated reticle for measuring imaging characteristics and saves the time that would 
otherwise be spent replacing the dedicated reticle and the exposure light reticle R, so 
imaging characteristics can be measured with high precision and changes in the 
projection optical system PL over time can be accurately tracked. The measurement 
stage 5 is provided with a positioning mechanism used within a fine range in the X 
direction (the non-measurement direction). Moreover, a pair of reference mark plates 
17D1 and 17D2 is fixed on the measurement stage 5 so as to sandwich the reference 
plate 6 in the X direction, and two-dimensional plus-shaped (for example) reference 
marks MD1 and MD2 are formed in the reference mark plates 17D1 and 17D2, 
respectively. The positional relationship of the reference marks MD1 and MD2 to the 
plurality of index marks IM is also accurately measured ahead of time and recorded in 
the memory component of the main control system 10. 
[0040] 

Thus, in this example, the measurement stage 5 for the reference plate 6 is 
provided independently from the reticle stage RST, and no other measurement 
member besides the reticle R is placed on the original reticle stage RST. Specifically, 
the reticle stage RST is only provided with scanning and positioning functions, which 
are the minimum requirement for scanning exposure, so the reticle stage RST is more 
compact and lightweight. Therefore, the reticle stage RST can be scanned at a higher 
speed, and this increases the throughput of the exposure step. Particularly, in the case 
of reduced projection, the scanning speed of the reticle stage RST is 1/p times the 
scanning speed of the wafer stage (such as 4 or 5 times), so the upper limit to the 
scanning speed is more or less determined by the reticle stage, in which case the 
increase in throughput is particularly great. 
[0041] 

In addition, a laser beam is emitted from a laser interferometer 7Y disposed in 
the +Y direction with respect to the guides 4A and 4B and directed at a movable 
mirror 24Y on the side surface in the +Y direction of the reticle stage RST. A laser 
beam is emitted from biaxial laser interferometers 7X1 and 7X2 disposed in the +X 
direction and directed at a movable mirror 24X on the side surface in the +X direction 
of the reticle stage RST. The X coordinate, Y coordinate, and angle of rotation of the 
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reticle stage RST are measured by the laser interferometers 7Y, 7X1, and 7X2, the 
measurement values are supplied to the main control system 10 in FIG. 1, and the 
main control system 10 controls the speed and position of the reticle stage RST via 
linear motors or the like on the basis of these measurement values. Moreover, a laser 
beam is also emitted from a laser interferometer 8Y disposed in the -Y direction with 
respect to the guides 4A and 4B and directed at a movable mirror 25Y on the side 
surface in the -Y direction of the measurement stage 5, and the Y coordinate of the 
measurement stage 5 as measured by the laser interferometer 8Y is supplied to the 
main control system 10. The optical axes of the Y-axis laser interferometers 7Y and 
8Y each pass through the center of the illumination region 9 in the Y direction, that is, 
through the optical axis AX of the projection optical system PL, and the laser 
interferometers 7Y and 8Y measure the positions of the reticle stage RST and the 
measurement stage 5 in the scanning direction at all times. 
[0042] 

The perpendicular side surfaces of the reticle stage RST may be mirror 
finished and these mirror surfaces may be considered to be the movable mirrors 24X 
and 24Y, and the perpendicular side surfaces of the measurement stage 5 may also be 
mirror finished and these mirror surfaces may be considered to be the movable 
mirrors 25X and 25 Y. In addition, in this example, as shown in FIG. 1, a pair of 
reticle alignment microscopes RA and RB may be disposed above the reticle R for 
detecting the amount of positional deviation of an alignment mark (reticle mark) 
formed on the reticle R from a reference mark (not shown) on the corresponding 
wafer stage. The straight line passing through the detection centers of the reticle 
alignment microscopes RA and RB is parallel to the X axis, and the center of these 
detection centers matches up with the optical axis AX. In this example, the reticle 
alignment microscopes RA and RB corresponding to the second measurement system 
of the present invention (absolute value measurement system) are used to detect the 
positions of the reference marks MCI and MC2 on the reticle stage RST and the 
reference marks MD1 and MD2 on the measurement stage 5 as shown in FIG. 3. 
[0043] 

If the reticle stage RST should be shunted in the +Y direction during the 
measurement of imaging characteristics and the measurement stage 5 moved in the Y 
direction so that the reference plate 6 more or less covers the illumination region 9, 
then the laser beams from the laser interferometers 7X 1 and 7X2 will diverge from 
the side surface of the reticle stage RST and illuminate the movable mirror 25X in the 
+X direction of the measurement stage 5. At this point, the amounts of positional 
deviation from the detection centers (field center) of the reference marks MD 1 and 
MD2 on the reference plate 6 are detected by the reticle alignment microscopes RA 
and RB, respectively, and the main control system 10 in FIG. 1 positions the 
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measurement stage 5 so that the centers of the reference marks MD1 and MD2 will be 
symmetrical to the corresponding detection centers and the amount of positional 
deviation will be as small as possible. In this state, the measurement values obtained 
with the X-axis laser interferometers 7X1 and 7X2 are reset. These measurement 
values may also be preset to a specific value. 
[0044] 

After this, the angle of rotation and position of the measurement stage 5 in the 
X direction are measured with high precision and with good reproducibility by the 
laser interferometers 7X1 and 7X2, and the position of the measurement stage 5 in the 
Y direction is constantly measured with high precision by the laser interferometer 8Y. 
Therefore, the main control system 10 can precisely control the position of the . 
measurement stage 5 via linear motors or the like on the basis of these measurement 
values. Alternatively, instead of minimizing the amounts of positional deviation of 
the reference marks MD1 and MD2 as above, the measurement values obtained with 
the laser interferometers 7X1 and 7X2 may be preset to corresponding values on the 
basis of these amounts of positional deviation. 
[0045] 

Meanwhile, the position of the reticle stage RST in the non-scanning direction 
is not measured during the above measurement, but if the reticle stage RST comes 
under the illumination region 9 for exposure, then the movable mirror 24X of the 
reticle stage RST will once again be illuminated by the laser beams from the laser 
interferometers 7X1 and 7X2. Just as with the measurement stage 5, the reticle 
alignment microscopes RA and RB are used to detect the amounts of positional 
deviation of the reference marks MCI and MC2 on the reticle stage RST from the 
detection centers of the reticle alignment microscopes RA and RB, and the main 
control system 10 presets the measurement values obtained with the laser 
interferometers 7X1 and 7X2 to specific values when the reticle stage RST has been 
positioned so that these amounts of positional deviation are symmetrical and at a 
minimum. After this, the angle of rotation and position of the reticle stage RST in the 
X direction are measured with good reproducibility, and the position in the Y 
direction is constantly measured by the laser interferometer 7Y, so the reticle stage 
RST can be positioned at the desired position with high precision. Therefore, there is 
no inconvenience that the laser beams from the laser interferometers 7X1 and 7X2 are 
interrupted. 
[0046] 

Returning to FIG. 1, the wafer W is held on the wafer stage WST via a wafer 
holder (not shown), so that the wafer stage WST is able to move in the X and Y 
directions via an air bearing over a surface table 13. A focus leveling mechanism for 
controlling the angle of inclination and the position of the wafer W in the Z direction 



Japanese Unexamined Patent Application Publication No. 2000-164504(18) 

(the focal position) is also incorporated into the wafer stage WST. The measurement 
stage 14, which is equipped with various measurement devices, is placed on the 
surface table 13 such that it can move in the X and Y directions via an air bearing 
independently of the wafer stage WST. A mechanism for controlling the focal 
position is also incorporated into the measurement stage 14 on the upper surface 
thereof. 
[0047] 

FIG. 2 is a plan view of the wafer stage WST and the measurement stage 14. 
In FIG. 2, a series of coils are embedded for example in a specific layout inside the 
surface table 1 3 on its top side, yokes and a series of magnets are embedded at the 
bottom of the wafer stage WST and the bottom of the measurement stage 14, and the 
coils and corresponding magnets make up planar motors. These planar motors 
independently control the angles of rotation and the positions of the wafer stage WST 
and the measurement stage 14 in the X and Y directions. Details of a planar motor are 
disclosed in Japanese Unexamined Patent Application Publication No. 8-51756, for 
instance. 
[0048] 

The wafer stage WST in this example is furnished with the minimum 
functions required for exposure. Specifically, the wafer stage WST is equipped with a 
focus leveling function, and a wafer holder (on the bottom of the wafer W) for 
holding the wafer W by suction and a reference mark plate 1 7 A on which a reference 
mark MA is formed for measuring the position of the wafer stage WST are provided 
on the wafer stage WST. A reference mark (not shown) for reticle alignment is also 
formed on the reference mark plate 17 A. 
[0049] 

As shown in FIG. 1, a wafer alignment sensor 16 of the type with which 
imaging is performed by an off-axis method for the alignment of the wafer W is 
provided adjacent to the projection optical system PL. The detection signals of the 
wafer alignment sensor 16 are supplied to an alignment processing system in the main 
control system 10. The wafer alignment sensor 16 is used to measure the position of 
the alignment marks (wafer marks) provided to shot regions on the wafer W. In this 
example, the wafer alignment sensor 1 6 is used to detect the position of the reference 
marks MA on the wafer stage WST, for example. Specifically, the wafer alignment 
sensor 1 6 corresponds to the second measurement system (absolute value 
measurement system) of the present invention. 
[0050] 

The surface of the measurement stage 14 is set at approximately the same 
height as the surface of the wafer W on the wafer stage WST. In FIG. 2, to the 
measurement stage 14 are fixed an illumination quantity monitor 18 comprising a 
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photoelectric sensor for measuring the energy (incident energy) per unit of time for all 
of the exposure light that has passed through the projection optical system PL, a 
brightness unevenness sensor 1 9 comprising a photoelectric sensor for measuring the 
brightness distribution within the slit-shaped exposure region 12 produced by the 
projection optical system PL, a measurement board 20 on which are formed slits 2 IX 
and 21 Y for measuring imaging characteristics, and a reference marker plate 17B on 
which is formed a reference mark MB that serves as a position reference. The 
positional relationship between the reference mark MB and the brightness unevenness 
sensor 19, etc., is measured in advance with high precision and stored in the memory 
component of the main control system 10 in FIG. 1. The position of the reference 
mark MB is also measured by the wafer alignment sensor 16. 
[0051] 

Condensing lenses and photoelectric sensors are disposed on the bottom 
surfaces of the X axis slit 2 IX and Y axis slit 20 Y in the measurement board 20, and a 
spatial image detection system is constituted by the measurement board 20, the 
photoelectric sensors, and so forth. The edges of a rectangular aperture may be used 
in place of the slits 2 IX and 21Y. The light-receiving surface of the illumination 
quantity monitor 18 is formed to be large enough to cover the exposure region 12, the 
light-receiving portion of the brightness unevenness sensor 19 is in the form of a 
pinhole, and the detection signals of the illumination quantity monitor 18 and the 
brightness unevenness sensor 19 are supplied to the main control system 10 in FIG. 1. 
[0052] 

The detection signal of the photoelectric sensor at the bottom of the 
measurement board 20 is supplied to the imaging characteristic computation system 
1 1 shown in FIG. 1 . In this case, during the measurement of the imaging 
characteristics of the projection optical system PL, the reference plate 6 on the 
measurement stage 5 on the reticle side in FIG. 3 is moved to the illumination region 
9, the image of the index marks IM formed on the reference plate 6 is projected to the 
wafer stage side, and this image is scanned in the X and Y directions with the slits 
2 IX and 21 Y on the measurement board 20 while the detection signal from the 
photoelectric sensor on the bottom is taken in by the imaging characteristic 
computation system 1 1 . The imaging characteristic computation system 1 1 processes 
this detection signal and detects the position, contrast, and so forth of the index marks 
IM, determines from this detection result the imaging characteristics such as the 
planar curvature of the projected image, distortion, and the best focal position, and 
outputs these to the main control system 10. Although not shown in the figures, there 
is also provided a mechanism for driving a specific lens in the projection optical 
system PL to correct a specific imaging characteristic such as distortion, and the main 
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control system 10 is designed so that the imaging characteristics of the projection 

optical system PL can be corrected via this correction mechanism. 

[0053] 

The sensors in FIG. 2, such as the photoelectric sensors at the bottom of the 
illumination quantity monitor 18, brightness unevenness sensor 19, and measurement 
board 20 provided to the measurement stage 1 4, are all connected to power sources, 
heat generating sources such as an amp, or communications signal cables. Therefore, 
if these sensors are mounted on the wafer stage WST used for exposure, there is the 
danger that the heat source attached to a sensor or tension on a signal cable may 
adversely affect the positioning precision. There is also the danger that the thermal 
energy produced by irradiation with the exposure light during the measurement of 
imaging characteristics and so forth may lead to lower positioning precision. To deal 
with this, in this example, these sensors are provided to the measurement stage 14, 
which is separate from the wafer stage WST used for exposure, so the wafer stage 
WST can be more compact and lightweight, and this also prevents any decrease in 
positioning precision due to the thermal energy of exposure light during the 
measurement or to a heat source of the sensors used for measurement. Furthermore, 
reducing the size of the wafer stage WST raises the wafer stage WST movement 
speed and controllability, improves the throughput of the exposure step, and enhances 
positioning precision and the like. 
[0054] 

In addition, a laser beam is emitted from a laser interferometer 15Y disposed 
in the +Y direction with respect to the surface table 1 3 and directed at a movable 
mirror 22Y on the side surface in the +Y direction of the wafer stage WST. A laser 
beam is emitted from biaxial laser interferometers 15X1 and 15X2 disposed in the -X 
direction and directed at a movable mirror 22X on the side surface in the -X direction 
of the wafer stage WST. The X coordinate, Y coordinate, and angle of rotation of the 
wafer stage WST are measured by the laser interferometers 15Y, 15X1, and 15X2. 
The measurement values are supplied to the main control system 10 in FIG. 1, and the 
main control system 10 controls the speed and position of the wafer stage WST via 
planar motors on the basis of these measurement values. Similarly, an X axis 
movable mirror 23X and a Y axis movable mirror 23 Y are attached to the side 
surfaces of the measurement stage 14. The perpendicular side surfaces of the wafer 
stage WST may be mirror finished and these mirror surfaces considered to be the 
movable mirrors 22X and 22Y, and similarly the perpendicular side surfaces of the 
measurement stage 14 may also be mirror finished and these mirror surfaces 
considered to be the movable mirrors 23X and 23Y. 
[0055] 
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During the measurement of the incident energy of the exposure light, for 
instance, the laser beams used for measuring these positions are directed at the 
movable mirrors 23X and 23 Y of the measurement stage 14. FIG. 4 illustrates an 
example of the layout of the wafer stage WST and the measurement stage 14 during 
the measurement of the incident energy of the exposure light or the like. If the wafer 
stage WST should be shunted to a position away from the exposure region 12 and the 
measurement stage 14 moved so as to come into the exposure region 12, the laser 
beams from the laser interferometers 15X1, 15X2, and 15Y will diverge from the 
movable mirrors 22X and 22 Y of the wafer stage WST and be directed at the movable 
mirrors 23X and 23 Y of the measurement stage 14. At this point, the measurement 
stage 14 is moved so that the reference mark MB on the measurement stage 14 will 
enter the field 1 6a of the wafer alignment sensor 1 6 shown in FIG. 1 , and the angle of 
rotation of the measurement stage 14 is adjusted so that the measurement values 
obtained with the biaxial X-axis laser interferometers 15X1 and 15X2 are the same. 
In this state, the amount of positional deviation from the detection center of the 
reference mark MB is detected. The main control system 10 presets the X and Y 
components of this amount of positional deviation to the measurement values 
obtained with the laser interferometers 15X1 and 15X2 and the laser interferometer 
15Y. After this, the position of the measurement stage 14 is measured with high 
precision and with good reproducibility by the laser interferometers 15X1, 15X2, and 
15Y, and the main control system 10 controls the position of the measurement stage 
14 with high precision via planar motors on the basis of these measurement values. 
[0056] 

Meanwhile, during the exposure, as shown in FIG. 2, the measurement stage 
14 is shunted and the laser beams from the laser interferometers 15X1, 15X2, and 
15Y are directed at the movable mirrors 22X and 22 Y of the wafer stage WST, the 
reference mark MA is moved into the field 16a of the wafer alignment sensor 16, and 
the amount of positional deviation from the detection center of the field 16a of the 
reference mark MA is measured in a state in which the measurement values obtained 
with the laser interferometers 15X1 and 15X2 coincide. The measurement values 
obtained with the laser interferometers 15X1, 15X2, and 15Y are preset on the basis 
of these measurement values of the positional deviation. After this, the wafer stage 
WST is positioned with high precision and with good reproducibility. Since the 
positions of the wafer stage WST and the measurement stage 14 can be roughly 
controlled by driving the planar motors with an open loop, the main control system 1 0 
varies the positions of the wafer stage WST and the measurement stage 14 by driving 
the planar motors by an open loop method in a state where they are not irradiated with 
the light beams. 
[0057] 
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Returning to FIG. 1, although not depicted, a grazing incidence type of focal 
position detection system (AF sensor) for measuring the focal position of the surface 
of the wafer W is disposed on the side surface of the projection optical system PL, and 
the surface of the wafer W being scanned and exposed is focused on the image plane 
of the projection optical system PL on the basis of this detection result. Next, the 
operation of the projection exposure apparatus in this example will be described. 
First, the quantity of exposure light IL incident on the projection optical system PL is 
measured using the measurement stage 14 on the wafer stage side. In this case, in 
order to measure the quantity of incident light with the reticle R in a loaded state, in 
FIG. 1, a reticle R for exposure is loaded onto the reticle stage RST, and the reticle R 
moves into the illumination region of the exposure light IL. After this, as shown in 
FIG. 4, the wafer stage WST is shunted in the +Y direction, for example, on the 
surface table 13, and the measurement stage 14 moves toward the exposure region 12 
of the projection optical system PL. After this, the presetting of the measurement 
values obtained with the laser interferometers 15X1, 15X2, and 15Y is carried out as 
above, the measurement stage 14 is then halted at the position where the light- 
receiving surface of the illumination quantity monitor 18 on the measurement stage 14 
covers the exposure region 1 2, and in this state the quantity of exposure light IL is 
measured through the illumination quantity monitor 18. 
[0058] 

The main control system 10 supplies this measured quantity of light to the 
imaging characteristic computation system 1 1 . Here, the value obtained by detecting 
the light flux branching off from the exposure light IL in the illumination system 1, 
for instance, is also supplied to the imaging characteristic computation system 1 1, and 
the imaging characteristic computation system 1 1 calculates and stores a coefficient 
for indirectly computing the quantity of light incident on the projection optical system 
PL from the quantity of light monitored in the illumination system 1 on the basis of 
the two measurement values. During this interval, a wafer W is loaded on the wafer 
stage WST. After this, as shown in FIG. 2, the measurement stage 14 is shunted to a 
position away from the exposure region 12, while the wafer stage WST moves toward 
the exposure region 12. While the wafer stage WST is shunted, as shown in FIG. 4, it 
is not irradiated with the laser beams from the laser interferometers 15Y, 15X1, and 
15X2, so positional control is performed, for example, by driving the planar motors 
by open loop method. 
[0059] 

The measurement stage 14 is shunted away from the exposure region 12, the 
wafer stage WST is moved to a position in the exposure region 12, and the presetting 
of the measurement values obtained with the laser interferometers 15Y, 15X1, and 
1 5X2 is carried out as above, after which the wafer stage WST is moved so that the 
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center of the reticle-use reference mark (not shown) for the reticle on the reference 
mark plate 1 7 A on the wafer stage WST is located close to the optical axis AX (the 
center of the exposure region 12). After this, the reticle R is aligned using the reticle 
alignment microscopes RA and RB by driving the reticle stage RST in FIG. 1 so that 
positional deviation between the reticle mark on the reticle R and the corresponding 
reference mark on the reference mark plate 17A will be within a specific range of 
tolerance. Approximately simultaneously with this, the position of another reference 
mark MA on the reference mark plate 17A is again detected by the wafer alignment 
sensor 16 shown in FIG. 1, whereby the interval (baseline quantity) between the 
detection center of that sensor and the center of the projected image of the reticle R is 
correctly detected. 
[0060] 

Next, the layout coordinates of the various shot regions of the wafer W are 
determined by detecting through the wafer alignment sensor 1 6 the position of the 
wafer mark provided to a specific shot region (sample shot) on the wafer W. After 
this, scanning exposure is performed while the shot region to be exposed of the wafer 
W is aligned with the pattern image of the reticle R on the basis of these layout 
coordinates and the above-mentioned baseline quantity . As shown in FIG. 1 , during 
the scanning exposure of the various shot regions on the wafer W, the reticle R is 
scanned at a speed of VR in the +Y direction (or -Y direction) through the reticle 
stage RST with respect to the illumination region 9 of the exposure light IL (see FIG. 
3), and in synchronization with this, the wafer W is scanned at a speed of p-VR (P is 
the projection magnification) in the -X direction (or +X direction) through the wafer 
stage WST with respect to the exposure region 12. 
[0061] 

During the exposure, the quantity of light of the light flux branching off from 
the exposure light IL in the illumination system 1, for instance, is supplied to the 
imaging characteristic computation system 1 1 . The imaging characteristic 
computation system 1 1 calculates the quantity of exposure light IL incident on the 
projection optical system PL on the basis of the supplied measurement value for 
quantity of light and a predetermined coefficient, calculates the amount of change in 
the imaging characteristics of the projection optical system PL (projection 
magnification, distortion, etc.) due to the absorption of the exposure light IL, and 
supplies this calculation result to the main control system 10. The main control 
system 10 corrects the imaging characteristics by driving a specific lens in the 
projection optical system PL, for instance. 
[0062] 

The above description is of ordinary exposure, but when the status of the 
device is determined for the maintenance of the projection exposure apparatus in this 
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example, for instance, the measurement stage 14 is moved to the exposure region 12 
side for this measurement. For example, when the uniformity of brightness in the 
exposure region 12 is measured, the reticle R is removed from the reticle stage RST, 
after which the brightness distribution is measured while the brightness unevenness 
sensor 19 is moved in the X and Y directions within the exposure region 12, as shown 
in FIG. 4. 
[0063] 

Next, the operation of using the measurement stage 5 on the reticle stage side 
and the measurement stage 14 on the wafer stage side to measure the imaging 
characteristics of the projection optical system PL will be described. In this case, as 
shown in FIG. 3, the reticle stage RST is shunted in the +Y direction, and the 
reference plate 6 on the measurement stage 5 is moved into the illumination region 9. 
At this point the laser beams of the laser interferometers 7X1 and 7X2 in the non- 
scanning direction are directed at the measurement stage 5, and the resetting (or 
presetting) of the measurement values is performed as above using the reticle 
alignment microscopes RA and RB. After this, the measurement stage 5 is positioned 
with high precision on the basis of the measurement values obtained with the laser 
interferometers 7X1, 7X2, and 8Y. 
[0064] 

Here, as already described, the images of the plurality of index marks IM are 
projected on the wafer stage side via the projection optical system PL. In this state, as 
shown in FIG. 4, the measurement stage 14 is driven and the images of these index 
marks IM are scanned in the X and Y directions with the slits on the measurement 
board 20, and the detection signals from the photoelectric sensors on the bottom of the 
measurement board 20 are processed by the imaging characteristic computation 
system 1 1, by which the position and contrast of these images are determined. The 
position and contrast of these images are also determined while the focal position of 
the measurement board 20 is varied a certain amount at a time. From these 
measurement results, the imaging characteristic computation system 1 1 determines 
the amount of fluctuation in imaging characteristics, namely, the best focal position of 
the projected image of the projection optical system PL, the image plane curvature, 
and distortion (including magnification error). The amount of fluctuation is supplied 
to the main control system 10, and if this fluctuation exceeds a tolerable range, the 
main control system 10 corrects the imaging characteristics of the projection optical 
system PL. 
[0065] 

As discussed above, with the projection exposure apparatus in this example, 
the positions of the reference marks MA and MB are detected by the wafer alignment 
sensor 16, and the laser interferometers 15X1, 15X2, and 15Y are preset on the basis 
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of this position information. Therefore, the position of the wafer stage WST or the 
measurement stage 14 can be measured with high precision and with good 
reproducibility by the laser interferometers 15X1, 15X2, and 15Y. Similarly, by 
detecting the positions of the reference marks MCI and MC2 or MD1 and MD2 using 
the reticle alignment microscopes RA and RB, and resetting the laser interferometers 
7X1 and 7X2, for instance, the position of the reticle stage RST or the measurement 
stage 5 can be measured with high precision and with good reproducibility. 
[0066] 

The second embodiment of the present invention will now be described with 
reference to FIGS. 5 to 12. This is an example of applying the present invention to a 
step-and-scan type of projection exposure apparatus in which exposure is performed 
by the double exposure method. FIG. 5 shows the simplified structure of the 
projection exposure apparatus in this example. In FIG. 5, the projection exposure 
apparatus of this example comprises a stage device equipped with wafer stages WST1 
and WST2 as a plurality of movable stages for supporting and independently moving 
two-dimensionally wafers Wl and W2 as sensitive substrates on a base plate 86; a 
projection optical system PL1 disposed above this stage device; a reticle drive 
mechanism for driving in a specific scanning direction a reticle Rl or R2 (see FIG. 6) 
as a mask above the projection optical system PL1; an illumination system for 
illuminating the reticles Rl and R2 from above; and a control system for controlling 
these various components. In the following discussion, the Z axis extends parallel to 
the optical axis AX1 of the projection optical system PLI, the X axis is parallel to the 
viewing plane in FIG. 5 within a plane perpendicular to the Z axis, and the Y axis is 
perpendicular to the viewing plane in FIG. 5. In this example, the scanning direction 
is the direction parallel to the Y axis (the Y direction). 
[0067] 

First, the stage device is supported floating on an air bearing (not shown) over 
the base plate 86, and is equipped with two wafer stages WST1 and WST2 capable of 
independent movement in the X and Y directions, a wafer stage drive system 81 W for 
driving these wafer stages WST1 and WST2, and an interferometer system for 
measuring the positions of the wafer stages WST1 and WST2. 
[0068] 

This configuration will now be described in further detail. A plurality of air 
pads (such as vacuum pre-loaded air bearings; not shown) are provided on the 
bottoms of the wafer stages WST1 and WST2, and the wafer stages WST1 and WST2 
are supported floating above the base plate 86 in a state in which a gap of a few 
microns, for example, is maintained through the balance between the vacuum pre- 
pressure and the air discharge force of these air pads. 
[0069] 
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FIG. 7 shows the drive mechanism of the wafer stages WST1 and WST2. In 
FIG. 7, two X axis linear guides 95A and 95B extending in the X direction are 
provided in parallel on the base plate 86. A set of permanent magnets for a linear 
motor is fixed along each of the X axis linear guides 95 A and 95B, and two movable 
members 93A and 93C and two movable members 93B and 93D are provided 
movably along these X axis linear guides 95A and 95B, respectively. To the bottom 
of each of these four movable members 93 A to 93D is attached a drive coil (not 
shown) so as to surround the X axis linear guides 95A and 95B from the sides and 
from above. These drive coils and the X axis linear guides 95A and 95B make up 
moving coil linear motors that drive the movable members 93A to 93D in the X 
direction. For the sake of convenience, in the following description, these movable 
members 93A to 93D will be referred to as "X axis linear motors." 
[0070] 

Of these, the two X axis linear motors 93 A and 93B are provided to both ends 
of a Y axis linear guide 94A extending in the Y direction, and the other two X axis 
linear motors 93C and 93D are fixed to both ends of a Y axis linear guide 94B also 
extending in the Y direction, A set of drive coils for a linear motor is fixed in the Y 
direction along each of the Y axis linear guides 94 A and 94B. Therefore, the Y axis 
linear guide 94 A is driven in the X direction along the X axis linear guides 95 A and 
95B by the X axis linear motors 93 A and 93B, and the Y axis linear guide 94B is 
driven in the Y direction along the X axis linear guides 95 A and 95B by the X axis 
linear motors 93C and 93D. 
[0071] 

Meanwhile, a set of permanent magnets (not shown) is provided to the bottom 
of the wafer stage WST1 so as to surround one of the Y axis linear guides 94 A from 
the sides and above, and these permanent magnets and the Y axis linear guide 94A 
make up a moving magnet linear motor that drives the wafer stage WST1 in the Y 
direction. Similarly, a moving magnet linear motor that drives the wafer stage WST2 
in the Y direction is made up of a set of permanent magnets (not shown) provided to 
the bottom of the wafer stage WST2 and the Y axis linear guide 94B. 
[0072] 

Specifically, in this example a stage system for two-dimensionally and 
independently driving the wafer stages WST1 and WST2 over the XY plane is 
constituted of the above-mentioned X axis linear guides 95A and 95B, the X axis 
linear motors 93 A to 93D, the Y axis linear guides 94A and 94B, the permanent 
magnets (not shown) on the bottoms of the wafer stages WST1 and WST2, and so 
forth. These wafer stages WST1 and WST2 are controlled by a stage controller 38 via 
the stage drive system 81 W in FIG. 5. The operation of the stage controller 38 is 
controlled by a main controller 90. 



Japanese Unexamined Patent Application Publication No. 2000-164504(27) 



[0073] 

It is also possible to generate or eliminate a subtle yawing in the wafer stage 
WST1 by slightly varying the balance of propulsion of the pair of X axis linear motors 
93A and 93B provided to both ends of the Y axis linear guide 94A. Similarly, a 
subtle yawing can be generated or eliminated in the wafer stage WST2 by slightly 
varying the balance of propulsion of the pair of X axis linear motors 93C and 93D. 
Wafers Wl and W2 are fixed by vacuum chucking or the like on these wafer stages 
WST1 and WST2 via wafer holders (not shown). The wafer holders are finely driven 
in the Z direction and the 9 direction (the direction of rotation around the Z axis) by a 
Z/9 drive mechanism (not shown). 
[0074] 

The side surfaces of the wafer stage WST1 in the -X and +Y directions are 
mirror finished to produce reflective surfaces 84X and 84Y (see FIG. 6). Similarly, 
the side surfaces of the wafer stage WST2 in the +X and +Y directions are mirror 
finished to produce reflective surfaces 85X and 85Y. These reflective surfaces 
correspond to movable mirrors, and by projecting measurement beams 92X2, 92X5, 
and 92 Yl to 92 Y consisting of laser beams from the various laser interferometers that 
make up the interferometer system (discussed below) onto these reflective surfaces 
and receiving the reflected light with the various laser interferometers, the 
displacement of the various reflective surfaces from a reference surface (a reference 
mirror is generally disposed on the projection optical system side surface or on the 
alignment optical system side surface, and this mirror is used as a reference surface) is 
measured, whereby the two-dimensional positions of the wafer stages WST1 and 
WST2 are measured. The structure of the interferometer system will be described in 
detail below. 
[0075] 

In FIG. 5, a refraction optical system that comprises a plurality of lens 
elements sharing an optical axis in the Z direction, and that is telecentric on the sides 
and has a specific reduction factor, such as 1/5, is used as the projection optical 
system PL 1 . A reflection refraction system or a reflection system may also be used as 
the projection optical system PL1, As shown in FIG. 5, off-axis alignment systems 
88A and 88B both having the same functions are provided to the X direction ends of 
the projection optical system PL1 at positions an equal distance away from the optical 
axis AX1 of the projection optical system PL1 (corresponds to the center of the 
projected image of the reticle pattern). These alignment systems 88 A and 88B have 
three types of alignment sensor: an LSA (Laser Step Alignment) system with a slit- 
shaped laser beam; an imaging type of FIA (Field Image Alignment) system; and an 
LIA (Laser Interferometric Alignment) system that detects diffracted light from two 
heterodyne beams, for example. These alignment systems 88A and 88B allow 
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positional measurement in two dimensions (the X and Y directions) for the reference 
mark on the reference mark plate and the alignment mark on a wafer. In this example, 
these three types of alignment sensor are used as dictated by the situation at hand, and 
perform so-called search alignment in which the positions of three one-dimensional 
marks on a wafer are detected to measure the approximate position of the wafer, fine 
alignment in which the positions of the various shot regions on a wafer are accurately 
measured, and so on. 
[0076] 

In this case, one of the alignment systems 88A is used, for instance, to 
measure the position of the alignment mark on the wafer Wl supported on the wafer 
stage WST1. The other alignment system 88B is used, for instance, to measure the 
position of the alignment mark on the wafer W2 supported on the wafer stage WST2. 
The detection signals from the alignment sensors that constitute these alignment 
systems 88A and 88B are sent to an alignment controller 80. The alignment controller 
80 subjects the detection signals to A/D (analog/digital) conversion and subjects the 
digitized waveform signals to computation processing to detect the mark position. 
This detection result is sent to a main controller 90, and information such as position 
correction during the exposure is output from the main controller 90 to the stage 
controller 38 according to this detection result. 
[0077] 

Although not depicted in the figures, the projection optical system PL1 and the 
alignment systems 88 A and 88B are each provided with an autofocus/autoleveling 
measurement mechanism (hereinafter referred to as the " AF/AL system") for 
detecting the amount of defocus from the best focal position of the exposure side of 
the wafer Wl (or W2). Of these, a so-called grazing incidence type of multipoint AF 
system is used as the AF/AL system for the projection optical system PL1 . The same 
AF/AL system is provided to the alignment systems 88A and 88B as well. 
Specifically, in this example the detection beam can be directed by the AF/AL system 
used during the alignment sequence for approximately the same measurement region 
as the AF/AL system used in the detection of the amount of defocus during the 
exposure. Accordingly, the position of the alignment mark can be measured with high 
precision and at the same focusing precision as the exposure during the alignment 
sequence in which the alignment systems 88A and 88B are used as well. Put another 
way, no offset (error) is produced by the attitude of the stage between exposure and 
alignment. 
[0078] 

Next, the reticle drive mechanism will be described with reference to FIGS. 5 
and 6. This reticle drive mechanism comprises a reticle stage RST1 capable of two- 
dimensional movement in the XY plane and supporting a reticle Rl over a reticle base 
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table 79; a reticle stage RST2 capable of two-dimensional movement and supporting a 
reticle R2 in the same movement plane; a linear motor (not shown) for driving these 
reticle stages RST1 and RST2; and a reticle interferometer system that manages the 
positions of these reticle stages RST1 and RST2. 
[0079] 

To describe this in further detail, as shown in FIG. 6, these reticle stages RST1 
and RST2 are disposed in series in the scanning direction (Y direction), are supported 
floating over the reticle base table 79 by air bearings (not shown), and are finely 
driven in the X direction, finely rotated in the 0 direction, and scan-driven in the Y 
direction by a reticle stage drive mechanism 81R (see FIG. 5). The drive source of 
the reticle stage drive mechanism 81R is the same linear motor as for the stage device 
for wafer, but is depicted as a simple block in FIG. 5 for the sake of simplicity. 
Accordingly, when the reticles Rl and R2 on the reticle stages RST1 and RST2 are 
used selectively in double exposure, for instance, either of the reticles Rl and R2 can 
be scanned synchronously with the wafers Wl and W2. 
[0080] 

Movable mirrors 82A and 82B composed of the same material as the reticle 
stages RST1 and RST2 (such as a ceramic) extend in the Y direction from the +X 
direction side surfaces on these reticle stages RST1 and RST2. Measurement beams 
91X1 and 91X5 consisting of laser beams are emitted from laser interferometers 
(hereinafter referred to simply as "interferometers") 83X1 to 83X5 and directed at the 
+X direction reflective surfaces of these movable mirrors 82A and 82B, this reflected 
light is received by the interferometers 83X1 to 83X5, and the relative displacement 
with respect to a specific reference surface is measured, whereby the positions of the 
reticle stages RST1 and RST2 in the X direction are measured. Here, the 
measurement beam 91X3 from the interferometer 83X3 actually has two 
measurement beams separated in the Y direction and capable of independently 
measuring displacement. The positions of the reticle stages RST1 and RST2 in the X 
direction and the amount of yaw (the angle of rotation around the Z axis) can be 
measured from these two measurement values. 
[0081] 

In this example, the spacing between the measurement beams 91X1 to 91X5 in 
the Y direction is set shorter than the width of the movable mirrors 82A and 82B in 
the Y direction, which results in the movable mirrors 82A and 82B being irradiated by 
one of the measurement beams 91X1 to 91X5 at all times. At some point in time, two 
adjacent measurement beams (such as 91X1 and 91X2) will end up being directed at 
the same movable mirror (such as 82B) at the same time, and this state can be viewed 
as the corresponding interferometers 83X1 and 83X2 partially overlapping the 
measurement region. As a result, as will be discussed below, the measurement values 
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measured by the interferometers 83X1 to 83X4 can be successively transferred with 
high precision to the measurement values measured by the interferometers 83X2 to 
83X5. The measurement values measured by the interferometers 83X1 to 83X5 are 
supplied to the stage controller 38 in FIG. 5, and the stage controller 38 performs 
rotational control and X direction positional control of the reticle stages RST1 and 
RST2 via the reticle stage drive mechanism 81R on the basis of these measurement 
values in order to correct the synchronization error between the wafer stages WST1 
and WST2. 
[0082] 

Meanwhile, in FIG. 6, corner cubes 89A and 89B are disposed as a pair of 
movable mirrors at the -Y direction end of the first reticle stage RST1 in the scanning 
direction. Measurement beams 91 Yl and 91 Y2 each consisting of two laser beams 
(in FIG. 6, only one measurement beam is illustrated as a representative) are emitted 
from a pair of double-pass interferometers (not shown) and directed at these corner 
cubes 89A and 89B. The relative displacement in the Y direction of the reticle stage 
RST1 with respect to a specific reference surface is measured by this pair of 
interferometers not shown in the figures. A pair of corner cubes 89C and 89D is also 
disposed the +Y direction end of the second reticle stage RST2, measurement beams 
91 Y3 and 91 Y4 (each actually consisting of two laser beams) are emitted from a pair 
of double-pass interferometers 83Y3 and 83Y4 and directed at these corner cubes 89C 
and 89D. The displacement in the Y direction of the reticle stage RST2 is measured 
by the interferometers 83Y3 and 83Y4. 
[0083] 

The measurement values obtained with these double-pass interferometers are 
also supplied to the stage controller 38 in FIG. 5, and the positions of the reticle stages 
RST1 and RST2 in the Y direction are controlled on the basis of these measurement 
values. Specifically, in this example, the interferometers system used for the reticle 
system is constituted of the interferometers 83X1 to 83X5 having measurement beams 
91X1 to 91X5, and the two pairs of double-pass interferometers having measurement 
beams 91 Yl and 91Y2 and measurement beams 91Y3 and 91 Y4. The interferometers 
83X1 to 83X5 are represented by the interferometer 83 in FIG. 5, and the movable 
mirrors 82A and 82B and the measurement beams 91X1 to 91X5 are expressed by the 
movable mirror 82 and the measurement beam 91 X in FIG. 5. 
[0084] 

Next the interferometer system that manages the positions of the wafer stages 
WST1 and WST2 will be described with reference to FIGS. 5 to 7. As shown in 
FIGS. 5 to 7, a measurement beam 92X2 consisting of triaxial laser beams from the 
interferometer 87X2 is directed at the reflective surface 84X on the side surface in the 
-X direction of the wafer stage WST1 along an axis parallel to the X axis, passing 
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through the center (optical axis AX1) of the projected image of the projection optical 
system PL1 and the detection centers of the alignment systems 88 A and 88B. 
Similarly, a measurement beam 92X5 consisting of triaxial laser beams from the 
interferometer 87X5 is directed at the reflective surface 85X on the side surface in the 
+X direction of the wafer stage WST2. The reflected light here is received by the 
interferometers 87X2 and 87X5, whereby the relative displacement of the reflective 
surfaces in the X direction from the reference position is measured. 
[0085] 

In this case, as shown in FIG. 6, the measurement beams 92X2 and 92X5 are 
triaxial laser beams capable of measuring displacement independently of one another. 
Therefore, the corresponding interferometers 87X2 and 87X5 not only measure the 
positions of the wafer stages WST1 and WST2 in the X direction, they also can 
measure the tilt angle (the angle of rotation around the Y axis) and the angle of yaw 
(the angle of rotation around the Z axis) of the stages. In this case, the wafer stages 
WST 1 and WST2 in this example are provided with Z leveling stages LS 1 and LS2 
for respectively performing the fine drive of the wafers Wl and W2 in the Z direction, 
the drive of the tilt angle, and the rotational drive around the Z axis, as shown in FIG. 
6, but the Z leveling stages LS 1 and LS2 are actually lower than the reflective 
surfaces 84X and 85X. Therefore, the drive amounts in the tilt angle control and yaw 
angle control of the wafers Wl and W2 can all be monitored by these interferometers 
87X2 and 87X5. 
[0086] 

The X axis measurement beams 92X2 and 92X5 are directed at the reflective 
surfaces 84X and 85X of the wafer stages WST1 and WST2 at all times in the whole 
region of the movable range of the wafer stages WST1 and WST2. Therefore, in the 
X direction, whether during the exposure using the projection optical system PL1 or 
during the use of the alignment systems 88A and 88B, the positions of the wafer 
stages WST1 and WST2 in the X direction are managed on the basis of the 
measurement values obtained with the measurement beams 92X2 and 92X5. 
[0087] 

As shown in FIGS. 6 and 7, the +Y direction side surfaces of the wafer stages 
WST1 and WST2 are finished to produce the reflective surfaces 84Y and 85 Y as 
movable mirrors, and a measurement beam 92 Y3 parallel to the Y axis and passing 
through the optical axis AX1 of the projection optical system PL1 is emitted from the 
interferometer 87Y3 and directed at these reflective surfaces 84Y and 85Y. 
Moreover, interferometers 87 Yl and 87Y5 having measurement beams 92 Yl and 
92 Y5, respectively, are provided parallel to the Y axis and passing through the 
detection centers of the alignment systems 88 A and 88B, respectively. In this 
example, the measurement value measured by the interferometer 87Y3 having the 
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measurement beam 92 Y3 is used to measure the positions in the Y direction of the 
wafer stages WST1 and WST2 during the exposure using the projection optical 
system PL1, and the measurement value measured by the interferometer 87 Yl or 
87 Y5 is used to measure the position in the Y direction of the wafer stage WST1 or 
WST2 during the use of the alignment systems 88 A and 88B. 
[0088] 

Therefore, depending on the usage conditions, the measurement beams of the 

Y axis interferometers 87Y1, 87Y3, and 87Y5 may diverge from the reflective 
surfaces 84Y and 85 Y of the wafer stages WST1 and WST2. Therefore, in this 
example, the interferometer 87Y2 having the measurement beam 92Y2 parallel to the 

Y axis is provided between the interferometers 87X1 and 87Y3, and the 
interferometer 87Y4 having the measurement beam 92 Y4 parallel to the Y axis is 
provided between the interferometers 87 Y3 and 87Y5, whereby the reflective surfaces 
84 Y and 85 Y of the wafer stages WST1 and WST2 are irradiated at all times by a 
measurement beam from at least one of the interferometers. Accordingly, if we let 
DX1 be the width in the X direction of the reflective surfaces 84Y and 85 Y serving as 
movable mirrors, then the spacing DX2 between the measurement beams 92 Yl, 

92 Y2, . . ., and 92 Y5 in the X direction is set narrower than DX1 . As a result, two 
adjacent measurement beams out of the measurement beams 92 Yl to 92 Y5 will 
always be directed at the reflective surfaces 84 Y and 85 Y at the same time (that is, 
there is a partially overlapping measurement range), so the transfer of measurement 
values from the first interferometer to the second interferometer will always happen in 
this state, as will be discussed below. This means that the wafer stages WST1 and 
WST2 are positioned with high precision and with good reproducibility in the Y 
direction as well. 
[0089] 

The measurement beams 92 Yl, 92 Y3, and 92 Y5 used to measure positions in 
the Y direction consist of biaxial laser beams spaced apart in the Z direction and 
capable of independent position measurement. Therefore, the corresponding 
interferometers 87Y1, 87Y3, and 87Y5 not only measure the positions of the 
reflective surfaces 84Y and 85Y in the Y direction, they also can measure the 
inclination angle (tilt angle) around the X axis. In this example, the interferometer 
system for managing the two-dimensional coordinate positions of the wafer stages 
WST1 and WST2 is made up of a total of seven interferometers, namely, the 
interferometers 87X2, 87X5, and 87Y1 to 87Y5. In this example, as will be discussed 
below, while one of the wafer stages WST1 and WST2 is executing the exposure 
sequence, the other executes wafer exchange and the alignment sequence, and the 
stage controller 38 performs position and speed control of the wafer stages WST1 and 
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WST2 on the basis of the measurement values obtained with the various 
interferometers so that they will not physically interfere with each other. 
[0090] 

Next, the illumination system and control system in this example will be 
described with reference to FIG. 5. In FIG. 5, the exposure light, which is composed 
of pulsed laser light emitted from a light source component 40 comprising a KrF, ArF, 
F 2 , or other such excimer laser light source and a light reduction system (such as a 
light reducing plate), is passed through a shutter 42, after which it is polarized by a 
mirror 44, shaped to a suitable beam diameter by beam expanders 46 and 48, and 
incident on a first fly-eye lens 50. The exposure light emitted from this first fly-eye 
lens 50 goes through a lens 52, an oscillation mirror 54, and a lens 56, and is incident 
on a second fly-eye lens 58. The exposure light emitted from the second fly-eye lens 
58 goes through a lens 60 and reaches a stationary blind 62 disposed at a position that 
is conjugate with the reticle Rl (or R2), where the cross sectional shape thereof is set 
to the specified shape, after which it is passed through a movable blind 64 disposed at 
a position slightly defocused from the conjugate plane with the reticle, and then 
passes through relay lenses 66 and 68 to produce light with a uniform brightness 
distribution. This light illuminates an illumination region IA in a specific shape on 
the reticle Rl, which is a rectangular slit-shape here (see FIG. 6). 
[0091] 

Next, the control system in this example is constituted primarily of the? main 
controller 90 for the general control of the apparatus as a whole, and of an exposure 
light quantity controller 70, the stage controller 38, and so forth under the 
management of this main controller 90. For example, when the wafer Wl is exposed 
in the pattern of the reticle Rl, the exposure light quantity controller 70 opens the 
shutter 42 by sending a command to a shutter driver 72 to drive a shutter drive 
component 74 prior to the start of synchronous scanning of the reticle Rl and wafer 
Wl. 
[0092] 

After this, the stage controller 38 starts the. synchronous scanning of the reticle 
Rl and wafer Wl, that is, the reticle stage RST1 and the wafer stage WST1, 
according to instructions from the main controller 90. This synchronous scanning is 
performed by monitoring the measurement values of the measurement beams 91Y1, 
91 Y2, and 91X3 obtained with the interferometer system used for the reticle stage and 
the measurement values of the measurement beams 92Y3 and 92X2 obtained with the 
interferometer system used for the wafer stage as discussed above, while controlling 
the stage drive system 81 W and the reticle stage drive mechanism 81R with the stage 
controller 38. 
[0093] 
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The exposure light quantity controller 70 commences pulsed light generation 
by sending a command to a laser controller 76 at the point when the stages RST1 and 
WST1 are driven at the same speed, using the projection magnification ratio as the 
speed ratio, within a specific synchronization error range. As a result, the rectangular 
illumination region IA (see FIG. 6) of the reticle Rl is illuminated, by the exposure 
light, the image of the pattern in this illumination region IA is reduced by the 
projection optical system PL1 to 1/5 its original size, and this is projected to expose a 
wafer Wl whose surface has been coated with a photoresist. Here, as is clear from 
FIG. 6, the width of the illumination region IA in the scanning direction is narrower 
than the pattern region on the reticle Rl, and when the reticle Rl and the wafer Wl 
are synchronously scanned, the images from the entire pattern region are successively 
transferred to the shot region on the wafer. In this exposure, the exposure light 
quantity controller 70 reduces brightness unevenness caused by fringes generated by 
the two first fly-eye lenses 50 and 58 by sending a command to a mirror driver 78 to 
drive the oscillation mirror 54. 
[0094] 

The movable blind 64 is driven by a blind controller 39 synchronously with 
the reticle Rl and the wafer Wl, and this series of synchronous operations is managed 
by the stage controller 38 so that the exposure light that has passed through the outer 
part of the pattern region on the reticle Rl (the outer part of the shielding band) will 
not leak close to the edges of the various shot regions on the wafer Wl during the 
scanning exposure. Furthermore, when the main controller 90 corrects the approach 
start position for the reticle stage and wafer stage at which synchronous scanning is 
performed during the scanning exposure, for instance, it sends a correction command 
for the stage position to the stage controller 38 that controls the movement of the 
stages. 
[0095] 

Next, a plurality of interferometers with partially overlapping measurement 
ranges are disposed at the reticle stages RST1 and RST2 and the wafer stages WST1 
and WST2 in this example as mentioned above, and the measurement values 
measured by the interferometer are successively transferred to the adjacent 
interferometer thereto. The following is an example of the wafer stage WST2 and the 
two Y axis interferometers 87Y3 and 87Y4 in FIG. 7, and the operation of 
transferring the interferometer measurement values, that is, the operation of presetting 
the interferometer measurement values, is described with reference to FIGS. 7 to 10. 
[0096] 

First, when the wafer stage WST2 moves in the -X direction from its position 
in FIG. 7, the measurement beam 92Y4 ceases to be incident on the reflective surface 
85 Y serving as the movable mirror of the wafer stage WST2 at some point during this 
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movement. Conversely, when the wafer stage WST2 moves in the +X direction, the 
measurement beam 92Y3 ceases to be incident on the reflective surface 85Y at some 
point during this movement. In view of this, the transfer of measurement values must 
be performed with high precision between the interferometer 87Y4 and the 
interferometer 87Y3, and the measurement of the Y coordinate of the wafer stage 
WST2 must be performed with good reproducibility using one of these 
interferometers 87 Y4 and 87Y3. Consequently, the following approach is employed 
in this example. 
[0097] 

FIG. 8(a) is a plan view of the wafer stage WST2 in FIG. 7. In FIG. 8(a), the 
displacement of the wafer stage WST2 in the X direction is measured by the X-axis 
interferometer 87X5, while the displacement of the wafer stage WST2 in the Y 
direction is measured by the two interferometers 87Y3 and 87Y4. The spacing DX2 
in the X direction of the measurement beams 92Y3 and 92Y4 of the interferometers 
87 Y3 and 87Y4 is narrower than the width DX1 in the X direction of the reflective 
surface 85Y of the wafer stage WST2. 
[0098] 

Here, the interferometers 87Y4 and 87Y3 in this example are heterodyne 
interference type laser interferometers, and a common two-frequency oscillating laser 
(such as a Zeeman effect type of He-Ne laser light source with a wavelength of 633 
nm) is used as the light source for the measurement beams. This two-frequency 
oscillating laser emits first and second light fluxes having a specific frequency 
differential of Af (such as about 2 MHz) and whose polarization directions are 
mutually perpendicular as a coaxial heterodyne beam. First, this heterodyne beam is 
divided up into parts of about 1/10 and mixed by an analyzer, and the resulting 
interference light is subjected to photoelectric conversion, which produces a reference 
signal SR of the frequency Af. This reference signal SR is supplied to a phase 
comparator 26 (see FIG. 9) in each of the interferometers 87 Y4 and 87 Y3. 
[0099] 

The first and second heterodyne beams obtained by splitting the above- 
mentioned heterodyne beam into parts of about 1/10 are supplied to the 
interferometers 87 Y3 and 87 Y4. The interferometer 87 Y4 uses one of the two light 
fluxes, namely, the one whose polarization direction is perpendicular to the second 
heterodyne beam, as the measurement beam 92Y4, and uses the other one as a 
reference beam (not shown). The reference beam is reflected by a reference mirror 
which is not shown. The reflected reference beam and the measurement beam 92 Y4 
reflected by the reflective surface 85 Y are mixed by an analyzer, and the resulting 
interference light is subjected to photoelectric conversion, which produces a 
measurement signal S2 that has a frequency of Af and whose phase varies. This 
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signal is supplied to the phase comparator 26 in FIG. 9. In the phase comparator 26, 
the phase difference <j)2 between the above-mentioned reference signal SR and the 
measurement signal S2 is found at a specific resolution (such as 2tc/100 (rad)) and 
supplied to an integrator 27. 
[0100] 

Here, if we let X be the wavelength of the measurement beams 92 Y3 and 92 Y4 
and m be an integer of 1 or more, the phase difference <|)2 changes by 2k (rad) when 
the reflective surface 85Y moves in the Y direction by X/m (m=2 with a single pass 
method as in this example, but m=4 with a double pass method). The range of the 
phase difference <f>2 is 0<$2<2k. The integrator 27 in FIG. 9 adds 1 to a specific 
integer N2 (corresponding to the degree of interference) when the phase difference §2 
crosses 2k in the positive direction, and subtracts 1 from this integer N2 when the 
phase difference 4>2 crosses 0 in the negative direction. During the measurement, the 
integrator 27 multiplies X/m by {Nl+<j>2/(27i)}, and sends the resulting measurement 
value P2 to the stage controller 38 as the absolute position of the wafer stage WST2 in 
the Y direction. 
[0101] 

Similarly, with the interferometer 87Y3, the phase difference <|>1 is found 
between the measurement signal S 1 obtained from the measurement beam 92 Y3 and 
the above-mentioned reference signal SR, and an integer Nl that increases or 
decreases every time this phase difference (|)1 crosses 2k or 0 and a measurement 
value PI calculated from X/m are sent to the stage controller 38. Specifically, the 
interferometers 87Y3 and 87Y4 measure the position of the wafer stage WST2 in the 
Y direction as an absolute position within the width of X/m. 
[0102] 

The interferometer 87X5 of the X axis in this example comprises two laser 
beams separated in the Y direction as shown in FIG. 6, so the angle of rotation 0W2 
of the wafer stage WST2 can be measured from the difference in the measurement 
values for the X coordinate of the reflective surface 85X produced by these two laser 
beams. In view of this, the integers N2 and Nl in the interferometers 87 Y4 and 87 Y3 
are first reset to zero in the "initial state' 1 in which the wafer stage WST2 has been 
stopped so that the angle of rotation 0W2 will be zero in the state shown in FIG. 8(a), 
{l/(2rc)} (X/m) is multiplied by the phase differences (|)2 and (j)l measured above, and 
the resulting measurement values (initial values) P20 and PI 0 are incorporated into 
the stage controller 38. 
[0103] 

The offset of the measurement values measured by the interferometers 87Y4 
and 87 Y3 is set at -P20 and -P10, respectively, by the stage controller 38, after which 
these offsets (-P20 and -P10) are added to the measurement values P2 and PI supplied 
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from the interferometers 87 Y4 and 87Y3. These sums are termed the actual 
measurement values P2' and PI' of the interferometers 87 Y4 and 87 Y3. Specifically, 
these measurement values P2' and PI' accurately express the amount of displacement 
of the wafer stage WST2 in the Y direction from the above-mentioned initial state. 
The initial values of these measurement values (P20 and P10) are stored. 
[0104] 

In FIG. 8(a), the wafer stage WST2 then moves further in the -X direction 
until it reaches the position shown in FIG. 8(b). In FIG. 8(b), the measurement beam 
92Y4 of the interferometer 87Y4 has diverged from the reflective surface 85Y serving 
as the movable mirror. In this state, the Y coordinate of the wafer stage WST2 is 
measured by the interferometer 87Y3. The wafer stage WST2 begins moving back 
from this state toward the position shown in FIG. 8(a) in +X direction, and when the 
reflective surface 85Y enters the illumination range (measurement range) of the 
measurement beam 92Y4 of the interferometer 87Y4, the measurement value 
measured by the interferometer 87Y4 is set (preset) as follows. 
[0105] 

First, the angle of rotation 0W2 (a very small amount (rad) substantially close 
to zero) of the wafer stage WST2 is measured by the measurement beam 92X5 (two 
laser beams) of the X axis interferometer 87X5. In this state, the measurement value 
PI of the Y coordinate is found for the interferometer 87Y3 that uses the 
measurement beam 92Y3 in FIG. 8(a). However, this measurement value PI is the 
direct measurement value prior to offset correction. Then, the stage controller 38, for 
example, finds an estimate of the fraction £2/(27t) and the degree of interference N2 
(N2 is an integer) for the interferometer 87Y4 from this measurement value PI . This 
fraction e2 corresponds to the above-mentioned (|>2. 
[0106] 

Specifically, the operator in the stage controller 38 calculates an estimate P2' 
of the measurement value P2 of the interferometer 87Y4 before offset correction as 
follows from the spacing DX2 of the measurement beams 92 Y3 and 92 Y4, the 
measured angle of rotation 0W2 of the wafer stage WST2, and the difference in the 
initial values of the measurement value PI of the interferometer 87Y3 and the 
measurement values measured by the interferometers 87Y4 and 87Y3 (=P20-P1). 

P2 ' =P 1 +DX2 -0 W2+(P20-P 1 0) 

[0107] 

For example, when the measurement precision of the angle of rotation 0W2 is 
high, this estimated value P2' may be preset directly as the current measurement value 
P2 of the interferometer 87Y4. However, the measurement value 0W2 includes a 
certain amount of measurement error, so the fact that the interferometer 87Y4 can 
measure the absolute position in units of width X/m is utilized, and the operator breaks 
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down the indicated value P2' into the integer component and the fraction component. 
Therefore, the remainder of N2 times the length 7Jm in the estimated value P2' of the 
measurement value measured by the interferometer 87Y4 becomes the fraction 
e2/(2n). Specifically, the stage controller 38 calculates (estimates) the integer N2 and 
the fraction e2 as follows. 
[0108] 

N2=g{P27(X/m)} (1) 
e2={P27(X/m)-N2}(27i) (2) 

Here, g{X} is a function that gives the maximum integer which does not 
exceed X. As will be discussed in detail below, the stage controller 38 determines the 
preset value of the integer (degree) N2 of the interferometer 87Y4 from the estimated 
degree of interference and fraction (N2 and z2) obtained from the measurement value 
PI, and the phase difference (absolute phase) <|>2 actually measured with the 
interferometer 87Y4. 
[0109] 

FIG. 9 shows part of the stage controller 38 and part of the interferometer 
87Y4 in this example. As shown in FIG. 9, the interferometer 87Y4 has a phase 
comparator 26 into which are input, for example, the reference signal SR and 
measurement signal S2 (photoelectrically converted signal for the interference light 
between the measurement beam and the reference beam) output from the laser light 
source. The phase comparator 26 detects the phase difference §2 between the 
reference signal SR and the measurement signal S2, and the detected phase difference 
<(>2 is output to the integrator 27, and is also output to a calculation processor 28 in the 
stage controller 38. The other interferometers are also equipped with their own phase 
comparator 26 and integrator 27. 
[0110] 

During the measurement, the integrator 27 integrates the integer N2 from the 
change in the phase difference <J>2 as above, multiplies A,/m by {N2+<j>2/(27t)}, and 
outputs the measurement value P2 thus obtained to the stage controller 38 as 
information indicating the amount of movement of a movable mirror (the reflective 
surface 85Y in this example). However, when the transfer of measurement values is 
carried out as it is here, the calculation processor 28 compares the phase difference $2 
input from the phase comparator 26 with the estimated fraction value z2 input from 
the above-mentioned operator. If the estimated value e2 of the estimated phase 
difference is close to 2n or 0 (zero), it is possible that the integer N2 indicating the 
estimated degree of interference will be outside the range of ±1, so this comparison is 
performed to verify this. The operation of this comparison will be described with 
reference to FIG. 10. For the sake of convenience, the estimated value of N2 is given 
as the degree N in FIG. 10. 
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[0111] 

In FIGS. 10(a) to (c), the horizontal axis is the phase difference between the 
reference signal and the measurement signal, and in particular illustrates the phase 
difference for ranges of degree of interference of k=N-l, k=N, and k=N+l. The phase 
difference changes by 2n within one degree. FIG. 10(a) illustrates a case in which the 
absolute value of the difference between the actual phase difference (f>2 and the 
estimated phase difference e2 is less than k (|<j>2-e2|<rc). In this case, as seen in the 
figure, the actual phase difference <|>2 is within the degree N, so the degree of 
interference is N as estimated, and the preset value N' of the degree is equal to N. 
FIG. 10(b) illustrates a case in which the value obtained by subtracting the estimated 
phase difference e2 from the actual phase difference <()2 is greater than n ((|>2-£2>7i). 
In this case, as seen in the figure, the actual phase difference $2 is within the degree 
N-l, so the preset value N' is equal to N-l. FIG. 10(c) illustrates a case in which the 
value obtained by subtracting the estimated phase difference z2 from the actual phase 
difference §2 is less than -7i ((J>2-e2<-7t). In this case, as seen in the figure, the actual 
phase difference (|>2 is within the degree N+l, so the preset value N' is equal to N+l. 
[0112] 

The calculation processor 28 outputs the preset value N' determined as above 
as the preset value RE to the integrator 27 in FIG. 9. The integrator 27 sets the preset 
value RE (that is, N') as the preset value of the integer N2, calculates the Y coordinate 
measurement value P2 as follows from the phase difference 4>2 from the phase 
comparator 26 and the integer N\ supplies this value P2 to the stage controller 38, and 
thereafter performs the ordinary measurement operation. 

P2=(^/m).N'+(X/m) ($2/2n) (3) 

As a result, the measurement value P2 of the interferometer 87Y4 ends up 
returning substantially to the original value, and the measurement value measured by 
the interferometer 87Y3 is accurately transferred to the interferometer 87Y4. 
[0113] 

Thus, in this example, in setting the preset value for a first interferometer set 
up such that reflected light from a mirror surface is obtained again, a measurement 
value calculated from the measurement value obtained with a second interferometer is 
utilized as an estimate for determining the degree of interference (Nl or N2) of the 
first interferometer, and the preset value of the degree of interference (Nl or N2) of 
this first interferometer, and in turn the preset value of the interferometer 
measurement value, are determined on the basis of the estimated degree of 
interference and the phase difference (absolute phase) 4> measured with this first 
interferometer. Here, the degree of interference N2 or Nl is unknown since the 
measurement beam temporarily diverges from the mirror surface, but because the 
degree of interference can be found by calculation from the measurement value 
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obtained with another interferometer, the preset value for the interferometer can be set 

at the precision inherent in that interferometer. 

[0114] 

If measurement error should creep into all of the measurement values at the 
start-up of the device or for one reason or another, making it necessary to reset the 
measurement values for all of the interferometers, then in FIG. 9 a degree of N2=0 
must be sent to the calculation processor 28, and the output (preset value) RE(=0) of 
the calculation processor 28 must be set in the integrator 27. In this case, just the 
value corresponding to the phase difference (absolute phase) §2 ends up being set in 
the integrator 27 (the interferometer 87Y4). Similarly, the initial value of the 
interferometer 87Y3 corresponds to the phase difference <j>l. 
[0115] 

The output P2 of the integrator 27 may also be fed back to the calculation 
processor 18 as necessary. If it is, then after the integrator 27 is reset, for instance, 
even the amount of displacement of the wafer stage up to the point when the reset 
value is set from the calculation processor 28 to the integrator 27 can be set in the 
integrator 27 as a reset value. Here, since the reflected light from the wafer stage can 
be received, the initial setting can be more precise, taking into account the amount of 
displacement of the wafer stage up to the point when the reset value RE2 is set in the 
integrator 27. 
[0116] 

In addition, in this example, one of the measurement beams of the 
interferometers 87Y3 to 87Y5 must be directed at the side surface 85 Y of the wafer 
stage WST2 during the movement of the wafer stage WST2. Accordingly, in this 
example, the interferometers are laid out such that the spacing between the 
measurement beams (such as the spacing DX2 of the measurement beams 92 Y3 and 
92 Y4 shown in FIG. 8) will be shorter than the width DX1 of the wafer stage WST2 
in the X direction. 
[0117] 

The setting of the initial values (preset values) of the interferometers is 
performed in the same manner for the interferometers 83X1 to 83X5 that are used to 
measure the positions of the reticle stages RST1 and RST2 in FIG. 6, and the transfer 
of measurement values is carried out on the basis of this setting. Next, with the 
projection exposure apparatus of this example, first and second conveyance systems 
for exchanging the wafers are provided between the wafer stages WST1 and WST2. 
[0118] 

The first conveyance system, as shown in FIG. 11, performs wafer exchange 
as discussed below for the wafer stage WST1 at a wafer loading position on the left 
side. This first conveyance system comprises a first center-up 99 consisting of three 
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vertically moving members provided on the wafer stage WST1, and a first wafer 
loader including a first loading guide 96A extending in the Y axis direction, first and 
second sliders 97A and 97C that move along this first loading guide 96A, an 
unloading arm 98A attached to the first slider 97A, a loading arm 98C attached to the 
second slider 97C, and so forth. 
[0119] 

The operation of exchanging wafers with this first conveyance system will be 
briefly described. As shown in FIG. 1 1 , the description here is for a case in which a 
wafer Wl' on the wafer stage WST1 at the wafer unloading position on the left side is 
exchanged with a wafer Wl that has been conveyed by the first wafer loader. First, 
the main controller 90 turns off the vacuum chucking of the wafer holder (not shown) 
on the wafer stage WST1 to release the wafer Wl'. Then, the main controller 90 
raises the first center-up 99 a specific amount via a center-up drive system (not 
shown). This lifts the wafer Wl ' up to the required height. In this state, the main 
controller 90 moves the unloading arm 98 A directly under the wafer Wl' by means of 
the wafer loading controller (not shown). In this state, the main controller 90 lowers 
the first center-up 99 to a specific position and transfers the wafer Wl' to the 
unloading arm 98A, after which the vacuum chucking of the unloading arm 98A is 
commenced. Next, the main controller 90 sends the wafer loading controller a 
command to start retracting the unloading arm 98A and moving the loading arm 98C. 
This starts the unloading arm 98 A moving in the -Y direction in FIG. 1 1 , and when 
the loading arm 98C holding the wafer Wl is over the wafer stage WST1, the vacuum 
chucking of the loading arm 98C by the wafer loading controller is released, and the 
first center-up 99 is then raised so that the wafer Wl is transferred onto the wafer 
stage WST1. 
[0120] 

As shown in FIG. 12, the second conveyance system, which transfers wafers 
to and from the wafer stage WST2, is symmetrical to the first conveyance system, and 
comprises a second loading guide 96B, third and fourth sliders 97B and 97D that 
move along this loading guide 96B, an unloading arm 98B attached to the third slider 
97B, a loading arm 98D attached to the fourth slider 97D, and so forth. The wafer 
W2' to be exposed next is held by the loading arm 98D. 
[0121] 

Parallel processing using the two wafer stages WST1 and WST2 of the 
projection exposure apparatus of this example will now be described with reference to 
FIGS. 1 1 and 12. FIG. 1 1 is a plan view of the state in which wafer exchange is 
performed between the wafer stage WST1 and the first conveyance system as 
described above while the wafer W2 on the wafer stage WST2 is being exposed by 
the projection optical system PL1. In this case, an alignment operation is performed 
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on the wafer stage WST1 as discussed below immediately after the wafer exchange. 
In FIG. 1 1, the position of the wafer stage WST2 during the exposure operation is 
controlled on the basis of the measurement values of the measurement beams 92X5 
and 92 Y3 obtained with the interferometer system, and the position of the wafer stage 
WST1 where the wafer exchange and alignment operations are being carried out is 
controlled on the basis of the measurement values of the measurement beams 92X2 
and 92 Yl obtained with the interferometer system. Accordingly, the main controller 
90 in FIG. 5 sends a command to the stage controller 38 to execute the initial setting 
(presetting) of the above-mentioned measurement values measured by the 
interferometers prior to the wafer exchange and alignment operations. 
[0122] 

Wafer exchange and the setting of the initial values of the interferometers are 
followed by search alignment. Search alignment performed after wafer exchange 
consists of prealignment that is performed again on the wafer stage WST1 because the 
positional error is still large with just the prealignment performed during the 
conveyance of the wafer Wl. In more specific terms, the positions of three search 
alignment marks (not shown) formed on the wafer Wl placed on the wafer stage 
WST1 are measured using the LSA sensors or the like of the alignment system 88 A in 
FIG. 5, and the wafer Wl is positioned in the X, Y, and 9 directions on the basis of 
these measurement results. The operation of the various components in this search 
alignment is controlled by the main controller 90. 
[0123] 

Upon completion of this search alignment, fine alignment is performed, in 
which the layout of the various shot regions on the wafer Wl is determined, by EGA 
(Enhanced Global Alignment) in this case. More specifically, while managing the 
position of the wafer stage WST1, the interferometer system (measurement beams 
92X2 and 92Y1) uses the FIA sensors or the like of the alignment system 88 A in FIG. 
5 to measure the alignment mark positions of a specific shot region (sample shot) on 
the wafer Wl while also successively moving the wafer stage WST1 on the basis of 
the designed shot layout data (alignment mark position data), and all of the shot layout 
data are calculated by statistical computation by the least squares method on the basis 
of this measurement result and the designed coordinate data for shot layout. The 
operation of the various components in this EGA fine alignment is controlled by the 
main controller 90 in FIG. 5 and the above-mentioned computation is performed by 
the main controller 90. 
[0124] 

While the wafer exchange and alignment operations are being performed on 
the wafer stage WST1 side, double exposure is performed on the wafer stage WST2 
side by continuous step-and-scan method using two reticles Rl and R2 and while 
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varying the exposure conditions. In specific terms, fine alignment is carried out by 
EGA ahead of time just as on the wafer Wl side as discussed above, and the shot 
regions on the wafer W2 are successively moved under the optical axis of the 
projection optical system PL1 on the basis of the shot layout data for the wafer W2 
thus obtained, after which scanning exposure is performed by the synchronous 
scanning of the reticle stage RST1 (or RST2) and the wafer stage WST2 in FIG. 6 in 
the scanning direction every time a shot region is exposed. This exposure of all the 
shot regions on the wafer W2 is carried out continuously, even after reticle exchange. 
The specific exposure procedure in double exposure is as follows. The various shot 
regions on the wafer W2 are successively subjected to scanning exposure using the 
reticle R2, after which the reticle stages RST1 and RST2 are moved a specific amount 
in the +Y direction to set the reticle Rl at the approach starting position, after which 
scanning exposure is performed. Here, the exposure conditions (the illumination 
conditions such as zonal illumination or deformation illumination, the amount of 
exposure light, etc.) are different for the reticle R2 and the reticle Rl, so the 
conditions must be altered ahead of time according to the exposure data and so forth. 
The operation of the various components during this double exposure of the wafer W2 
is also controlled by the main controller 90. 
[0125] 

When the above-mentioned exposure sequence and the wafer exchange and 
alignment sequence are performed in parallel on the two wafer stages WST1 and 
WST2 shown in FIG. 1 1, the wafer stages, which are finished first, enter a stand-by 
state, and at the point when both operations are complete, the wafer stages WST1 and 
WST2 are moved to the position shown in FIG. 12. Wafer W2 3 which has undergone 
the exposure sequence on the wafer stage WST2, is exchanged for another wafer at 
the loading position on the right side, and the wafer Wl, which has undergone the 
alignment sequence on the wafer stage WST1, is subjected to the exposure sequence 
under the projection optical system PL1. The above-mentioned wafer exchange 
operation and alignment sequence are carried out at the loading position on the right 
side in FIG. 12 in the same manner as at the loading position on the left side. 
[0126] 

Thus, in this example, while the two wafer stages WST1 and WST2 are 
independently moved two-dimensionally, the. wafers Wl and W2 on these wafer 
stages are subjected to the exposure sequence and the wafer exchange and alignment 
sequence in parallel, and this increases throughput. However, when two wafer stages 
are used to perform two operations in parallel, the operations conducted on one of the 
wafer stages can sometimes become a source of disturbance and affect the operations 
conducted on the other wafer stage. On the other hand, there are also operations 
conducted on one of the wafer stages that do not affect the operations conducted on 
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the other wafer stage. In view of this, in this example, the operations that are 
performed in parallel are divided into operations that become a source of disturbance 
and operations that do not, and the various operations are timed so that operations that 
become a source of disturbance, or operations that do not become a source of 
disturbance, are performed at the same time. 
[0127] 

For instance, during the scanning exposure, in addition to ensuring that the 
synchronous scanning of the wafer Wl and the reticles Rl and R2 at the same speed 
does not become a source of disturbance, every effort must also be made to eliminate 
other sources of disturbance. Accordingly, the scanning exposure over one of the 
wafer stages WST1 is timed so that the alignment sequence performed on the wafer 
W2 of the other wafer stage WST2 will be in a stationary state during this period. 
Specifically, measurement in the alignment sequence is performed with the wafer 
stage WST2 stationary, so it is not a source of disturbance for the scanning exposure, 
allowing mark measurement to be performed in parallel during the scanning exposure. 
Meanwhile, the alignment sequence involves uniform motion during the scanning 
exposure, so there is no disturbance and high-precision measurement is possible, 
[0128] 

The same is possible during the wafer exchange. In particular, vibration and 
the like produced when a wafer is transferred from a loading arm to a center-up can 
become a source of disturbance, so the transfer of wafers may be matched to the 
acceleration and deceleration (which are sources of disturbance) before scanning 
exposure or before and after synchronous scanning. This timing is adjusted by the 
main controller 90. 
[0129] 

Furthermore, in this example higher resolution and greater DOF (depth of 
focus) are obtained because double exposure is performed using a plurality of reticles. 
This double exposure method, however, requires that the exposure step be repeated at 
least two times, so when a single wafer stage is used, there is a marked drop in 
throughput because exposure takes longer. Using a projection exposure apparatus 
equipped with two wafer stages as in this example, however, greatly improves 
throughput, and higher resolution and greater DOF are also achieved. 
[0130] 

The scope of the present invention is not limited to this, and the present 
invention can also be applied favorably when exposure is effected by a single 
exposure method. Using two wafer stages allows the throughput to be nearly doubled 
over that when single exposure is performed using just one wafer stage. In this 
second embodiment, a measurement stage for measuring the state of the exposure 
light or the imaging characteristics may be further provided as in the first 
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embodiment. In this example, the wafer stages are driven by a combination of one- 
dimensional motors, but they may also be driven two-dimensionally by a planar motor 
as in the first embodiment. 
[0131] 

The projection exposure apparatus of this embodiment can be manufactured 
by assembling the reticle stages RST (RST1 and RST2) and the wafer stages WST 
(WST1 and WST2), which consist of numerous mechanical parts, optically adjusting 
the projection optical system PL (PL1), which is made up of a plurality of lenses, and 
then making overall adjustments (electrical adjustments, operation checks, etc.). The 
projection exposure apparatus is preferably manufactured in a clean room where 
temperature, cleanliness, and so forth are managed. 
[0132] 

In the above embodiments the present invention was applied to a step-and- 
scan type of projection exposure apparatus, but the present invention is not limited to 
this, and can be similarly applied to a step-and-repeat type of projection exposure 
apparatus, a proximity type of exposure apparatus, an exposure apparatus in which 
EUV light such as X rays is used as the exposure beam, or a charged particle beam 
exposure apparatus in which an electron beam (energy beam) is used as the light 
source (energy beam). Nor is the invention limited to an exposure apparatus, and an 
inspection apparatus, repair apparatus, or the like that uses stages to position wafers or 
the like may be used instead. 
[0133] 

Finally, the present invention is not limited to the above embodiments, and can 
of course have a variety of structures without exceeding the essence of the present 
invention. 
[0134] 

Effects of the Invention 

In accordance with the first stage device of the present invention, a movable 
stage is provided for each individual function or for each of a specific plurality of 
function groups, which allows each movable stage to be more compact and to be 
driven faster and more precisely. In addition, a plurality of movable stages can each 
be moved over a range larger than the measurement range of a first measurement 
system, and when each movable stage enters the measurement range of this first 
measurement system, the position of that movable stage can be measured by the first 
measurement system with high precision and with good reproducibility. 
[0135] 

In accordance with the second stage device of the present invention, the 
positions of a plurality of movable stages can be measured over a wide measurement 
range, with high precision, and with good reproducibility. Throughput is also 
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increased because the positions of the movable stages can be measured with high 
precision by the first measurement system merely by matching the result of the 
measurement by the first measurement system to the result of the measurement by the 
second measurement system. 
[0136] 

The first exposure apparatus of the present invention is equipped with the 
stage device of the present invention, so when the position of the movable stage 
thereof is measured by an interferometer, for example, the movable mirror can be 
made smaller than the range of movement of this movable stage, and the weight of 
this movable stage can be reduced. It is therefore easier to move this movable stage at 
high speed, exposure can be performed at a high throughput using a double exposure 
method or the like, and better resolution and depth of focus can be achieved. 
[0137] 

In accordance with the second exposure apparatus of the present invention, 
only the minimum functions required for exposure are given to a first movable stage 
that is used for the original purpose of exposure, and this allows the size of this first 
movable stage to be kept to the required minimum, so the stage can be more compact 
and lightweight, and throughput is increased. Meanwhile, characteristic measurement 
apparatus for measuring the characteristics during the transfer of the mask pattern, 
which are not directly required for exposure, are mounted on a second movable stage, 
allowing characteristics to be measured during the transfer of the mask pattern. In 
addition, because this exposure apparatus is equipped with the stage device of the 
present invention, the positions of its plurality of movable stages can be measured 
with high precision. 
[0138] 

In accordance with the third exposure apparatus of the present invention, one 
of a plurality of movable stages can be used to perform an exposure operation while 
another movable stage handles the conveyance and alignment of the substrates, which 
increases throughput. In accordance with the fourth exposure apparatus of the present 
invention, only the minimum functions required for exposure are given to a first 
movable stage that is used for the original purpose of exposure, and this allows this 
first movable stage to be more compact and lightweight, and throughput is increased. 
Meanwhile, characteristic measurement apparatus for measuring the imaging 
characteristics of the projection optical system, which are not directly required for 
exposure, are mounted on a second movable stage, allowing imaging characteristics to 
be measured. 
[0139] 

In accordance with the first positioning method of the present invention, the 
positions of a plurality of movable stages are measured and the stages positioned 
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quickly and with high precision. Similarly, in accordance with the second positioning 
method of the present invention, the positions of a plurality of movable stages are 
measured and the stages positioned quickly and with high precision. 
Brief Description of the Drawings 
FIG. 1 

FIG. 1 is a simplified structural diagram of a projection exposure apparatus 
according to the first embodiment of the present invention. 
FIG. 2 

FIG. 2 is a plan view illustrating the wafer stage WST and measurement stage 
14 in FIG. 1. 
FIG. 3 

FIG. 3 is a plan view illustrating the reticle stage RST and measurement stage 
5 in FIG. 1. 
FIG. 4 

FIG. 4 is a plan view provided to describe the measurement of the state of 
exposure light or the like using the measurement stage 14 according to the first 
embodiment. 
FIG. 5 

FIG. 5 is a simplified structural diagram of a projection exposure apparatus 
according to the second embodiment of the present invention. 
FIG. 6 

FIG. 6 is an oblique view illustrating the positional relationship between the 
two wafer stages WST1 and WST2, the two reticle stages RST1 and RST2, the 
projection optical system PL1, and the alignment systems 88A and 88B in the 
embodiment of FIG. 5. 
FIG. 7 

FIG. 7 is a plan view illustrating the structure of the drive mechanism of the 
wafer stage in FIG. 5. 
FIG. 8 

FIG. 8 is a diagram illustrating the measurement value setting of an 
interferometer as performed in the second embodiment of the present invention. 
FIG. 9 

FIG. 9 is a diagram illustrating the simplified structure of part of the signal 
processing system used in the interferometer system according to the second 
embodiment of the present invention. 
FIG. 10 

FIG. 10 is a diagram illustrating an example of signal processing in the 
interferometer system according to the second embodiment of the present invention. 
FIG. 1 1 
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FIG. 1 1 is a plan view illustrating a state in which the wafer exchange and 
alignment sequence and the exposure sequence are performed by the use of the two 
wafer stages WST1 and WST2. 
FIG. 12 

FIG. 1 2 is a diagram showing a state in which the wafer exchange and 
alignment sequence and exposure sequence in FIG. 1 1 are switched. 
Description of Symbols 

MA, MB, MCI, MC2, MD1, MD2: Reference Mark 

R, R1,R2: Reticle 

RA, RB: Reticle Alignment Microscope 
RST, RST1, RST2: Reticle Stage 
W, Wl, W2: Wafer 
WST, WST1, WST2: Wafer Stage 
5: Measurement Stage 

7X1, 7X2, 7Y, 8Y, 15X1, 15X2, 15Y: Laser Interferometer 
10: Main Control System 

1 1 : Imaging Characteristic Computation System 

13: Surface Table 

14: Measurement Stage 

16: Wafer Alignment Sensor 

26: Phase Comparator 

27: Integrator 

28: Calculation Processor 

38: Stage Controller 

83X1-83X5, 83Y1-83Y4, 87X2, 87X5, 87Y1-87Y5: Interferometer 
8 8 A, 88B: Alignment System 90: Main Control System 



FIG. 1 

Scanning Direction 

From RA, RB 

10: Main Control System 

1 1 : Imaging Characteristic Computation System 

FIG. 3 

Scanning Direction 



FIG. 5 

From 70 
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From 38 
From 38 
To 38 
From 87 
To 81R, 81W 
From 88A 
From 38 

90: Main Control System 

FIG. 6 

Scanning Direction 

FIG, 9 

26: Phase Comparator 
27: Integrator 

28 (38): Calculation Processor 
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(54) [3t9HO%m X^-S?8ff, BftgfB. Rtf«iB;^-i>f£»&JSV>&{4aifefc#ffi 



(57) mmi 

2 2X. 2 2 Ytb-+fTi$ftl 5X 1, 15X2, 1 

T. U~*f=?mft 15X1. 15X2. 15 YcDff-iiJIB 

f ^>h-ir>+f(c«fcOttSiJL, C<Df1-$j;fgJil{cg-^T 
U— tf Tf$ff- 15X1. 15X2, 15 Y©ItSMcDi* 
iE^f^o ItliJfflX^—>"l 4#, U— +rfj$ft 

i5xi, 15X2, 1 5 wstmmmmcA-otcmc 

t> l^fcS^v— ^MBcD{i£g;£:"^7;I:,'\7'•7'f';<;/^ 
j^at 15X1. 15X2, 15 Y<Dif-iMcD*fIE*f? 
•5o 



15Y 

17A 22Y Wj 




iwf B*t$:©nIf)X iycDp^cD— o©nJf!jX x— -^'©ffi 
HilIS1SiS©Rll8X7 i — ^©^ti-ftUcttLT, WttW)^ 

i»iaJB2ai«3Roth»jtt«te»cJv>TiiirtE» 1 wsjs© 

g£&CIEBSnfc«3£©5II!iX-r— 

©tf$J*EB tg^fttcfi^-T-SSI 2 ©fti'JSEHrt-effiB 
*SftHiWk:Sf iBU-T S» 2 PJ^ £ , 2C 

msbis i rcpsi 2 m^m<DBfm^micm^xm 2 o© 

iWS3fi08fWIS«**|jE-r*l|iiJW3Rfc, ^^ItfcCt^ 

mmm3i m#m2Mm(DX7—zsmwx&-ox. 
Miem 1 m^mt^sYv&o. 

■r 5 B«<o=F#ai-T* sctwattsxf-yg 

Bo 

CW** 4 ] If^^ 1 , 2 , Xli: 3 ElSOXf-^ 

iKflBX -r— i/^B© mflH^tD RliftX ^— iSicRi Hcg 
>*^dt*n/£:VX^*«HL, buIB^IS© 
5II&X 7^— ->\h<D v X * ©;S 2 — >^r3SSt &M\k^ 

Bo 

cw*^ 5 ] $mm u 2 , xa 3 ib«©x -r- 
m*m*.tcmytmmx&-ox, 
mzxT-zsmwnM$zm&<Dnjm*f-~is(D& 1 ©pj 

KlX-r-^lCTX^^tgBU J^^RjftXir-vLb 
fcfe©ff ttffflgB^ScB U 

■rssjtttgo 

C»*W 6 ] fi^HI 1, 2 , Xti 3 ElOXf-*;!! 
Sijf SX r— S^BOlWlSEaHS© rTI&X x- S^±»c ^n^* 

>*Jf3ttf*C £%&mt-? SBftgB. so 
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Bits a»3t**k, ^Ix/iS^gt^^T, 

wm7,7--^mm<omm.Wi<o^m^7-—'j<Dm 1 ©°r 

B£«BU 

flilflB^ 1 ©WlSX-r— vLhoaigilcmy&Dvx^* 
- Wffif8;IBJtt*R*^ L TS)tt 3 C 1 1 

SStttiSBo 

B)*467?iST'$.oT, 

MfBSiS:©Wt!lX-r— ->*©F*3©— o©bT1&Xt— 
IBIS 1 W£3R©ttaMBHrtfcAofciafc:, KbTKjX^- 

> ; ©HutBftsiJiSfflF*g©m^©s^ttB7b> p. ©ttB-rn 
iczommu am®mmic&-3^xmzm 1 sues© 

[IS^9] If^3H2, Xtt3IH«©X'7--S?SeB* 

iwfB&ifc© olldX 7— ~>*©rt ©— o© pJl&X-r— y^SiJ 
fB3B2©ftSiMffl<|jja>e,MfB35 1 ©ft-!flJfSBl*|{cA3&§S 

^-S*D«ftB4fHMU RfHflMSifcS^'rMlES 1 
Stefc©tt«M6**tffliaJS 2 »J^^©tt-«iJ)iSm{i:^to^ 
*C t*WBif*XT— ^(B6B*ffl^fefflB«»* 
?4o 

[0001] 

f«B*B*, ffiJtiftCTX?, Xfiifd^ 

FI?4Si3i-r^/-c46©Uy^7-<X^T'-VX^ 

-'^-v^sfiiite^-rsf^fc^ffl^nsB^ssBtc 

^SB{cffifflLT»ja^:t©T*feSo 
[0 0 0 2] 

y • 7^ F • X+^^^W) OSft&Blcttift^Bft 
WMJtlTl,^, ^©fc46, ^iOB^SBfc 
*5^>T(±, vx^i:LT©b^^;l/^-icBbTf4Bi^46 
tSl/f^yl-Xr-y, XfiS^i: LT©^3i/N^:i2B 
LT2^7cgHS-r5>>x>'NXx— i^tcti, ^-tv^ti*© 

x. ^m^7—"j(D^mmt^nnmm.m^m^n, c 

©IiJ^ffltcS-cJv ^T^sffJgtc Xf- ^©{4BSti6A^Tit 
^.fc^Jc^oTU^o C©J;^^:X-x— ^Bfcfel/^T 
oJ®JX-^-v ; ©2^^|^©^Sj^ > RU 



[0 0 0 3] tCZt)\ C©J:-5*Se3f5©Xx-^B 
[0 0 0 4] CODtztt, *lWi7*7-—i/<DBlWiWm*fc!if 

[0 0 0 5] C<0<fc^^p t gjg^r^-r5/-ci6©Xx-v : 
SSli: LT, 7-253304 ^IgfcM 

^fttv^tc^^o c^p^snfcx-r— ->*sb 

tt, BJlftX^-^oaEffiOgSKOtt Cffl|A-tf, 3g& 
iSfTS) <fcDfc£^&<QTi$W- (flIRff, 41ft) 

[0 0 0 6] cnScDS^HTfi, #fCj&IE& 

Xf->', 3£fi:^x^cDffiB#;46£rfT 5 OxAXr-y 1 

^x/NX^-s^c^*£nT^SiiiiI$IB£ LTte, © 

Mi^ifOftl^nyh^Xhf 
^Wi»J-r5/-c460^W^W^^fe5o -73, U^-f 

i£m}ft¥&(oi&mftmrMm icm^ z ns mm v- * 
jwbjks nfcsPts*** So 

[0 0 0 7] 

wtt Lj; ^ t~?z> mm} ±ieo ^ < 
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gB»C*5<^T«, U^;l/X-r-v\ XteV^'^T— 

BJlfiSJTttxy-yfcrv^lBSJfflttU iife3EBtt^T-« 
10 X^y If>y^|fflSCf*aE»Jt«rH««tif 

So 

[0 0 0 8] CcD.fc^tcX-T"— v ! CD|gl!jiiJS^r(oj±$-ti- 
Stai, Xf- ^#Pi;*££T&S»&tcH:J;»5*: 

-s>**'MMb, gfiftf S^S^feSo tc^^ St 
#<0 J; 5 tc «fc 0 ^^(/^^©Igi/i^r-^^ffl-r 5 

^©igis^-^^e^-rs^a^ii^-rso cct? 

ao T, B^BT*S^*nTV^ilH/M4B^4<)ffl[fi*M#e 
Kr±LT, fgf&jtg^lRLh-rstcli, t£*©<fc 5 icx^- 

- ^ s /st/j^n, esftf set #a*n 

So 

[0009] wtc, jtfiB^o»^BT*«, igifra 
SfoifijitcfeoT^sB^wtjsaisnTx^-y-y 

htf**<«f«n«i:«lc, X-r-$/*^<D/MU{tfc«J; 
so So tCZt)\ ^O^^CLf^/Wf—^ Xf±* 

x^-i^/j^t-rscfiaiST'feSo 

[0 0 10] SC, Lf-^;l/Xf— ^ Xti^x/NX-r 

r j&MftW® LTV^S fcrttc, W-iiJfffcB^ 

<OM»fc: < J:oT j eoff-S!iaBOfflB*«550BK±» , r«. 

40 fb-rsssnt**. 3M*t«»4, mmm<oum±mcj: 

T> ttW*BOilH±ff<0«»*«HW , r*i&fitt3!)'*S 
[0 0 1 1 ] cntcSaUT, Sija;C0lt^¥ 7 - 2 5 3 3 

o 4 ^fHtcffi^snfcxx- ->*«B*^ffl-r s c tic 

*'J>*<-rSCi:^T^S^, CcDtl-^T'^nTKlXx— 

so XScDX;l/— TV sr/S^©B8*t^<oi^B 



(4) 



[0 0 12] ift, Sttt=gB> WU:aigJi3t«Bl»t4, 

7-y hfRl±Oftetcfi?{fJS, Mu^ffiA (DOF : De 
pth of Forcus ) , St>"^tS$lJfflmj*l?^[pJ±^#SC 

Jtt**OPP«*N. A. t-T^t, WBBRttA/ 
N. A. fCtfcfl&JU MiSDOFliA/ (N. A. ) 

Bfc/hS <■*•«) fca&fc, JWc«Ji|fitt«A*/h«<L 

T, MnftN. A. **£<-r3i:, JftAB&DOFtf io 

[0 0 1 3] CtitfflLT, -r/WX*SajgfSfci*tc 
l±, "7^f> • T> K • X^— X (L/S) ^^r — i/cDcfc 

x &tf=i>** h*— ;i/ (ch) 

ffll^CfilWW^^-^cHLTti, #W4-2 2 5 5 
&lc J: oTMUXHtB** P«!*^|p]± 

[0014] c<o«k3 3a:a*fi»iRi*»jRtLr, nsw 
£«stcjscT«&cou^*/w^— >t#siju 

->VL— If, Mtc«A r Fl+i/?U- IfSrBftftfcL 
TfflV»«i5Mg*)ttas«»c3afflbT, MX.OIMI«<0. 1 
/i mi X'<D L/ S >%'gts : r'^ X<D/1$ — 

[0 0 15] fcC5ib', ClcD-aSJtji^ l^OD^i/N 

SfcB«ffiBtt{aBi**-r5fS»C, &r>imx7—i?*m 
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[0 0 16] «»<D*8t6** 

-rsxf— ^Bfcfei/^r, zn<b<Dm%i.<Dmm*-gft 
temvzztmc, ^opTidasflDffiBJSrWBttiSrwr* 

n« r na«fc-r*ffiBKWKtt**-r«««TfflaK{a 

B»»-e**Xr--S?«fi*a«-r*Cfc**2 0DBW 
[0 0 17] sgtc *KWfi, fOiHXf-^S 

T\ X{i^x/N*fitBi*46-r«fe4&©5Ii!iap 

[0 0 18] 5 *Xr—^«fi* 

5 c i: * t B ft i: t Z> . 
[0 0 19] 

it»ciBBsnfcaaoBr»^-r-^ (wst. 14) 

£:> ^(DffifSC^BlifiX^-ycDrtO— OCDpJKjX^— y 
OffiBfcffiJtOfraJIBHrtTW-ilirsS 1 item ( 1 5 
XI, 15X2, 1 5 Y) tSKftXr— >*8IT'S 

(Dffig^na. xa*©s!pffiBfc*t+*^§s**Wiii 

■T^m2item (1 6, 17 A, 1 7 B) 41^1, f <D 

[0 0 2 0] 1 OXf-fiMKin 

-^fiJ»3^TT?llgJ(0Pll!)X^-v ; (pjiftgfl) ^^tt 
So Ctlfc«fcoT> #pT1SX^— i/lZ'bMit-etZtz 

*^fc»4, *rH6Xt— SW**<fMfrrsfc. u— 9* 
T^U-Ctf-SiJlf— A*'ii«Itl5/'c46C, {BjH^coM^ia 

(aSite^i:LT^cD^2jitem (16, 1 7 A. 17 
B) ZmiftZo 

[00 2 1 ] fLT. *-©&3&cOPTI&X7"-y<73F*9CD- 

otoWKixf— y (wst) ^<om i iitem^f+SiJ 



^16X7 i -^OfflB*SStt**^S^TiE«fc:^'rcfc 
fflKc^UHrv httitfcfc^o cntCcfcoT. ^pJISXt 1 

-^»ffla*cii«tt*w^a^Ti««*fcffiBj*«)* 

[0 0 2 2] *«WlCct5S2©Xf-^8i 
fct, W^08I6BpK:»oTHt^fc:ttfiK:»i6aft*cBB 

*nfca»copr»^T— ^ cwsti, wst2) 
■*Bfs©» i QtHMrart^twrs* i (8 

7Y3) tSi^ftXf-ySlT*»oT, ^(OaSfeO 

nmiTZmZMfem (8 7Y2. 87Y4) fO^ 
1 &t>*3S 2 rfJ^cOl+ifliJ^tcS^V^T CCD 2 OCDSOS 

3fioW-SJtt**«iE'r*Maiifi (3 8) *«*fcfc 

[0 0 2 3] Wfr«*»WOS2©Xf-^81lC«fcn 
(WSTl. WST2) tfWt6h« 0 C©3B*, to 

»X^-^*fflB«»-r**^B«i:ft*. ctucftu 
pJifiXT— WJ^fcTtcD^ 1 ©SHHKHftJ^e*© 

2pJS^tCcfcoTI^B$(C^O^I6X7 i -^OfflB*tfPJ 
U l W£»offW«*t<o^»X^— ^oiaiE 40 

ft t£ *S CTMiE Lfcffi**<ogS 2 SlffiJROW-JIHilfc^U 
■fe-y H-fcCifcJ^T, *©» 1 «j£jROi«3eB««* 

ffitt&lcffiBifctoT'SSo 

[0 0 2 4] *©Sl8»©R, atf»2aij^ 

««*nenT»<D#» mm ni, n 2, ■{&« (r 

ad) 0 1, 0 2 (Ltit^fD^yTSSStW] 
WWJlf-AO»«A<0l!8»f (A) ^fflt^T. f (A) so 
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IN 1 +0 1/ (2 71 ) } Rtf f (A) {N 2 4-0 2/ 
LTfc«fct\, fit, *OlB2WftjROftW3VRr(B4:a 

^Ste^OT^O^a^' . &tffifH0 2* £*f£5£ 
U . f4*B0 2' , Rtf^cDlf! 2 ffl£» 

T?8t»JSn*ffl«* 2cfeD, J fOfB2M«3Rco^«N2 

OS 2 MSJROW-WJfll* f (A) {N2 + 02/(2 
/r) } £f3C£r, *OrH&Xx— ^OleKgftoffaij 

R»*^««s«*i:rfc, *©*2ffl«»©B*r<D?s 

BBttf (A) -WfcLT2JWJ:OSEttm*fflV^TA 
[0 0 2 5] #f8BHfc<k*8!l <D»tt*Btt, * 

«w<oxx-^atB*B*fc«)e«BT»oT, ^ox 
T-vmmcD^cDmi&cDnimxT-i? cr s t 1 . r s 
T2) K:svscaaa/^#->ft^««nftvx* (r 

1, R2) ^ilU fOURORliXf-^lOVX 
*<D^* — >*^StcffiBi*«)*fTl/^38:*^S« (W 
1) ±»c<B^-r*«>OT?«*o 
[0 0 2 6] flfrfrS*f8W<D8l 1 <DWfc«Bfc:<fc*Uf, 

J:0*O^»X^-^©ffiB*»fW-r««dtctt, ^co 
^»Xx— ^clSBrs^KIS^^O^IftXx— 

[0 0 2 7] #»C, *«Wte<t4»20B*«»i, * 

f-^SHOffl)]|»ORlB^T-5; (RST, 5) CO 
gSlORTKlX^— ^ (RST) ±tCVX^ (R) ^fJH 
U S2 0Pli9X-r— ^ (5) ±£*<0VX*<D^* — 

(6) 5:ScBU fOVX^ (R) — 
(W) ±JC(E^-rsfcOT**o 

[0028] mf^^mncom2(om^mm\c^t\^ 
^(D&mc&mrzzom 1 coniijjx^— crs 

T) t «B^Ji:^fia:«/jNfB<D«ftgO**«ffcti:* C ^ 
1 copII&Xt 1 — ^co*#*ii^S«/jN 
K^CTSS/i*, Xf-^/hifL $2Sft:£:fTVX;b 
-y*y hOfnj±«rH§c<hT^^o — ^F, B%(cK&& 
S*" ! *<. fOYX^ (R) <Ds*# — l/%f&rt'Z>m<D 

ft'&mmirztcftcD&mmmw (6) »j©»2 
copiifixf 1 -^ (5) tc8«sn§/-c», ^ecovx^o 



(6) 
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[0 0 2 9] #lc, #«i!llte«i:S*3<DBtt£Btt, * 

x—^ScO^cD^cOPliftXT 1 — S> (WST1, WS 
T2) JllC^-n^ftStg (Wl, W2) «iu *o 

[0 0 3 0] «f^**»W<0»3O»Jt«Bk:cfentf, 
*<DS»(Dnri&X"r— ^ (WS T 1 , WST2)c0^cD 

^ - (wsti) vnytmtt&fT^&w 

6, JWOpJMX-r-^ (WST2) T*«SSO«A»ffi 
[00 3 1] *8W!CJ:8^4 08«8»i, * 20 

aBoxf-yifflt, (pl) 

S^HT'Sot, tOXr- ^ttB©*©*ft©RTI6 
Xf-S?(WST, 1 4) OW 1 ©RlBX^— ^ (WS 
T) ±tc£« (W) «r«BU S?t 2 ^nJlftX^—^ (1 
4) ±K«otW31^jRoiaftm«M-H a r«^abo« 
ttttBttB (2 0) «r«BU 1 OpJlftX^-^ 

[0 0 3 2] Nrfr«3icnnoff 4 0B3ttllHk:j:ntf, 
**08ftt«fflfS*0* 1 cdpJKjXx-^ (WS 30 
T) fctt»)tt»Ci&B*«/hno«tto»*itfc«sc4: 
}C J:oT. 1 ORjiSX-r— ^ (WST) 0/J\*g 

ft. BBffcStfr^x;!/— :7V HorRi±*HSct:A^# 

•Wtt*tfiRIJ"raft«)eo«fttft»J«fli (2 0) tt, Sijco 
^2C0pI»|X^-> ? (14) tC««$nS^:46, 

[0 0 3 3] #»f!mc £ 3 III 1 ©ffifij&a&75fi£ 40 

T\ ^oattORTIftXf— ^ (WST, 1 4) <DF*3<D— 
OCOPlijX^-^ (WST) tf*<DWi 1 Sl^JRflDW-jBJIB 

Wtt*te»3^T*©JS 1 W**Otf«««DMiE*fT3 
f»*»cttlK*a6-p**o so 
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[0034] mc^ iswicksazoffiittWit 

T. ^cOltfSORlI&XT— S> (WSTI, WST2) <D 

OSlOWWKHrtfcASIRK:, *(£>3nRtf»2im£ 
»fc<feoTBWfc*0^»Xr"--^0{fi[B*W'i«IL, C 

aB2»J«5SoM-»J3B«»c:*to-&SfeO'P»4o HfrfrSffi 

H^^i£tccfcn^\ *oa»flDPiiftX'r-^**n^ ? 

nS«fcS3Htt*^t-a«!BTW««JcffiB»«)T# 

So 

[0 0 3 5] 

[nnonMostt] wt, 1 commcomm 

fco*Hl-H4*#BILTKWr*. WliiXf7? 
• 7V K • X*-v>»S<0«Ig»}t*B*c*«W*aflB 
Lftfeor^So Bit*. *ff9<D««»ft*B*iKU 

*#«jRaw3R 1 frzm&znrzmytyt i lm\ 55- 

2, M3>f^l/>X3«:/rLTbf^;l/R^^ 
->ffi (Tffi) OXUy h*<OMW««*HHWr*o ■ 
JttJIfil.LfcbTtt, K r F (KS2 4 8 n m) , gl< 
teA r F (Sgl 9 3 nm) 3?<Dx4^>VU— Y 
A G U-«f<DiSIBi£, XfcfcTMH^:/:/© 1 «| (SS3 6 
5nm) IPtfffiffl-Z'frSo SMiX 1 ft<D*im.Mnfo 0 & 

icli, *<0K«#^5>yi¥tt*B^f*O»ff*jttll*iJ 

[0036] u^^/i/Rto^^s^ i Ltc&zmmiR 

*ttLT«««sp0 l/4fg. X«l/5« 

t*h^nt, :7* h u^x hA^wsnrc^x^N 

(wafer) W±OX U >y htt<B«ft«« 1 2tcSiJ^n 
So tXT> SKJfc^P L<DftttAXlcWffcZtt*ffi 

^x/NWOjtSTj^tcifiJg-rS^^lRl Hi 

(hp -5. m 1 coififfitc^fT^^rsi) tc^-^TYtfi^r^o 

[0 0 3 7] £?\ L/f ^;bR(^ U^^^UX-r.-^R 
S T±tcK^®atcJ:oT«^^n. Uf^;l/Xf->' 
RST(1 5 PRfciEBSnfc2*flD*V K4 A&tf 4 B 
±tcxT-^TU>y*^LTY^t;:^»Sffiic«cB 
*tlTV\So H»C*W"e», ^F4AM4B±tC, 
U^^;l/X-r— v^R S T t U&illcx.r—^T V 
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[0 0 3 8] H3tt, Uf^;l/Xf-yR S TRtffHBO 
Xf-y5tf*KnT^ 0 ^K4A f 4 BOSS 

^RST±fCtt, U^-^^R^XTJlpKCttCTcfc^^ffia 
B8«-l»lJ*0»^-^«l 7C 1. 17C2tflSS 

tu s*^— i 7 c i , i 7 c 2 tc^n-en—^ 

©0J*tf+*StolWv— *MC 1. MC 2A^J5K*n 
Tt>*o S^V-^MCl, MC 2 tlsT-tJlsRComrfc 

w«i ooia*«k:iBti*nTi^4o 

[0 0 3 9] f LT> ttPJfflX7"-v ? 5±^X^fp]tcaa 

*a«Wtt**«l*tefHHlT*, »!B)tt*3RP LOUIES 

5±tc, S*ffi6*X^r6l*ctsli5Cy < fc'5tc l J*(OS*v— 
*«17D1, 1 7D2tfl£Sn, S*V->fil 7 
D 1 , 1 7 D 2 t£*ft?tl-&K<Dm7Ll£+¥51(DS» 

^mdi, MD2»^nn^ 0 mm^-ZM 

Dl, MD2^ffi3S^mSv-^ iM^cOffiMM^fe^ 40 
ftjEWcttSJIStlT, ±»J»3Ri 0©K«»fc:SB*;*n 

[0 0 4 0] C©<fc3fc*«Ttt, SM6fflOltiffl 
X x— v 5 tf&±L \C 88 # £ Uf^;l/Xf-^ 
R S TXtcfcfc, U^*;l/ROft6fc^9Jffl(oaiW«»«* 

nrt^v\ ep%, i/f>;i/Xf^RSTii, 

{■Antf *V^fc», > W R S TO/hfHffc, 

ST*«k»)afate*lEr#*fcai), Jtftxsox/i/-:/ so 



2000-164504 

12 

t— $>r s T©jtaEa*ttr>x/>xx— ^(OjtaEaKo 

[00 4 1] Sfc, ^F4A, 4 BtCttLT+Y^rn] 
tC^HS tl/c l/-tJ*F#ffl- 7 Y^^l/f^^Xf-^R 
S T©+Y#faO«ffi©£»«2 4 YKlU— If 

XI, 7X2 ^Sl/f-^yl'Xf-^R S T£>+X^|oj<0 

{Ma<o8«i«2 4 x*cu— ifbf— i**<«a»sn, 

T?£ft7Y. 7X1, 7X2ia^TW;l/Xr->' 

fiS*<B 1 <d±»jwr 1 o(c«$&^n> ±«j«p£ 1 o«* 
t-^'r s ToiSfi^ffia^MfB-rso #-rK4 

A, 4 Bfc»UT-Y*lRl»Cl8«SnfcU— !f=F»tf8 
Y*^6if»JfflXx— ^5<D-Y^O«MO»»a2 5 
YteU— tfbT-AtfUWBSn, I/— YtCcfco 
TWSJ^nSWiBfJfflX^— ^5<OYffi«*^*J»5R 1 0 
tC^JntV^o Ytt<DU— ifT$ft7 Y&tf 8 Y© 

3t«ia, ^n^nY^tc^oTSS0^«9(D^L>, hp 
»tt7Yatf8YB, *nfnwi/f^;i/xf-^R 

S T&tfffi9JfflX^-^5^^^ffiH*lt-aiJLT 

[0 0 4 2] £*5 X Uf^;l/Xf- ^r s TOiS3£-rs 
fflJffi£«SiOXLT*5** £tl£><Dmffi*&mm.2 4 
X, 2 4 Y-fc*fcL,Tfccfc<, WillfflX^-ysOflfcflS 

5X, 2 5Yi:*ftLTfcJ;K Mfc. *WT*ttB ltc 
^r^otc, U*-*;l/RO±#fc:, ls*-Z?]/R±ic&fg t 

tS^XAXf-yicoS^^ GFB^) <h<Dfi§ 
"rn»«r«ttJt" S^460 1 »01/f*;l/77-T^>hl 
aaRAStfRBtfEBSntl/^o l/f^;l/77^^ 
VMMRA, R BcD^a^u«rii§lSS®«XWcT 

as) icM^-r^iy^^jiT^^^>hmumR A, RB 

*ffl^T, 0 3 ic^f U^A/X-r— v^R S T±<E>S*P 
^MCl, MC 2, &tfff$JfflX^-^ 5±<OS* 
^MDl, MD2^ffiB*«iai-rSo 
[0 0 4 3] fit, IKMKf9ttOtt-Ml9lc. U^^;l/X 
f->"RST^+Y»f^«, S9fi6}b^ff 
flRW«« 9 ^i^ cfc "5 tCttWJfflX^- ^ 5 * Y^fttC^ 
®J^-^>^, U— f T^ft 7 X 1 , 7 X 2fr£0DU— if tf 
-Atfl/f^/l/Xf-^R S TO«BB^6^nTfWJffl 
X-r-v ? 5CD+X75-^]CO^®j^2 5 X *C SB*h* n £ <fc 5 
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u bi i (D±mwm i cm, s¥7-^md i . md 2 . 
*ffiBi*A6"rso f its c(Dwmr\ xn<ou—*f=f 

[0 0 4 4] COimt, U-^R$ft7Xl, 1X2\C 
5 CO Y -ft ftcOffifiii *f T»» 8 Y |c J: o T»B#iU» 

-^5offiii*Kflijafc»j»'r*ci:*^#ao 4*, 

±I3C0 J: -5 (cS^v- ^ m D 1 , M D 2 <Dfcg-f n»£r 

«f T?$it 7x1, 7x2 ©tffljffifc^nenttjsr 20 

l/f >;l/Xf-^R s TtfSBB««9Tli:Ittitf, S 
r/U— 9*T»tf7X 1. 7X2*>S(DU— tffcT— 
*-*/l/*T— £>R S TO»i2 4 x*cBa»sn«j;5 
*C&3o fit, fHM/BX-r— ^5©l^tTOc, U 

X^-^R S T±cQg*V-^MC 1 , MC2CDffig-T 
ST*fiItt»Uft«8^ b-1f=F»«-7X 1. 7X 

b* at;iai6ft©tt»j*<fTton, Y^rfpjoffiH^u-* 9* 

T»tt7YfcJ:oT«l»fttl!l*nT^4fca6, 
x-r-v^R s T*iK»*K:Bfii<offlBfc:fiHgta6t"*c 
tWSS, SSoT, *fT i$ft 7 X 1 , 7X2*5 

[00 4 6] EJUcMt), *x/AWte^B^©#x/\* 40 
^^MT^XAXf-^WS T±tcfS^^n, tfx 
AXf-^WST^il 3±[CX7-^7U 

brx^rpj, Y*fftfc»»effitttitsnTt^o ^x 

n/cItffJfflXr— ^1 4tfttStlT^5. ttiOTXir 
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[0 0 4 7] H2t±. ^XAXf-^WST, RtflHttl 
fflXf-^1 4^t^ffi@tfe!), COB 2 £331^ 

7i/^j*^aa65i$n. -^xaxt-^ws T<Dj&m, rz$ 

^Ic^oT^xaXt-^WS I\ ROTH-MfflXr— ^ 

tf»BI¥8-5 1 7 5 6#^«fc43V>T±t)»*Dti:lB^ 

[0 0 4 8] ${3|(7)^XAXf-^WSTit fifties 
B**/MBO««o*«:fltitT^*o HP^> ^xaXt 

tc, ^XAXf-^WS T±tcte > »>x/NW«:9S#«Jt 
tS9xA*;l/y (^x/NWOjgffiiliJ) »>x/\Xt- 

[0049] sfc, i^nc^cfc^tc ^x/Nvvor^ 
-r ^i/hmco*? • r^^x^st?H#to3S^co^x 

iatj6tiT*o, ^x^z^-r^vh-ty^ 1 6co^m 
ort^7'5-r^>hiflgi^ tc gt / |A^ n 

^x^z^^^>h-tr>Ht 1 6fc*. *fgW<DSg 2 SO 
[0 0 5 0] £/c, 3t$JfflXx—> ? 1 4©«I(i:, ^x 

iS^nrt^o fir, B2tc*i/^ ttfflijfflxx- 

mPLlC«):5X'j7 h«OB3tt«R«l 2rtT£0SgJ» 

» 1 9. 8«fif1ti«fflOX'J 7h21X, 2 1 
J«£ftfcfl«t*E2(K aaffiBSqifcftSSqiv-irM 

icffittSnTVSo S^V— ^MBtOfigfe'j/x/NT'^ 
^><>h^>^i 6fc:J;oTtt»]*n8o 
[0 0 5 1 ] Sij^2 0<DXttcDXU «vh21X, Rtf 
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<£>XU>yh2 1X. 2 1Y(0ftb!)tC, S«HP<Oxy 

Ett, Demi 2tii*tsiL»«sn« 
^ttH i <D±mm& i o t««sntv>*o 

[0 0 5 2] 3= ft, »J^«2 0<£jg35OftS-t:>^<D#l 10 
Uflt-9ttH 1 ©JI6«Wte»JW& 1 1 fc«teStiTV»* 0 
c<D«^ «««^»P LOtt*«fttoW-»I«Fk:«4, 0 
3 O U^^;I/ffliJ(^W-»JfflX-r— ^ 5 ±<3DSqi« 6 WWffli 

* i MOD«ft^x/NX^-^fliteaiB*n, *<ob*w- 
Bi«2o±^x'j7h2 ix, 2 i Yt?*nfnx» 

1 1 *Otfta«#*«lfflUT*<D»aiV-* I M 

[0 0 5 3] H2t6^T, ItiMfflX^— >M 4(cBX. 

&tvtv*j»«M*ex* i 8, mBttse>*>>v i 9, a 

•>x/>xf-yws Tfc»«snT^«i:, 

htfK$*t«»c, ffiB»»l»*»38«ctt)lft±-r« 0 
[0 0 5 4] £S1 3tCttLT+Y;£p^Ciag£ 

tife U-lf =F*ff 1 5Yfr6«>x;^f-ywSTO+ 
Y#ftOffliJffiO»ia»2 2 Ytc *ft£— AA'BHW* 
tU ~X^TR»c|S:BStlfe2ttlOU— *f^W- 1 5X 
1, 1 5X2^e>^x/\Xf— ^WS T<D-X7?ft<D{Hl] 50 
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M15Y, 15X1. 15X2iaomAXf- 

sijffl*<H 1 oiftjgu^ 1 0 tc«*s2n, £MH$ 1 o a 

^WSTOl**ffil4»Jft5o PtlHc, fiiBJfflXx 
— >M 4(DffliJffitCfeX|flcO^®j^2 3 X. RCfYWOSP 
»^2 3 Y3VftOft»6tlTV^*o ^XAXf- 

^112 2 X, 2 2 Yfc*ftLTfeJ:<, BMiteW-W 
fflX-r-y 1 4<OifBffiO«BB*»»jBl2 3X f 23Yi: 

[0 0 5 5] fit, 8ftftOA»x*;l^-3?Ottffl 
B*fcfcJ\ ^n&cOffiBttffliJfflOU-lflf-JUatt-ffliJfflX 
f^l4^W2 3X, 2 3 Y»C»«*h4o H4 

v^WST, acfW-SJfflX-r— ^ 1 4 <DiEB<Z>— 
U CtDi^'JXAXf-^WSTSKtffiijll 2^ 
&BttfctMfcf*iH*'&T\ Btt«MU 2K***J:3 
tCftilJfflX-r-^1 4 «fT#tM 5 

XI. 15X2, 1 5Y*^©l/-1flf-A^ »>xa 
Xf-^WST«12 2 X, 2 2 YfrSftftTfHIJ 
fflXf-^14(D8»a2 3X, 2 3 YfcJH#;£tl*<fc 
5fc&3 0 c<o£^c, H-ilWxf— >"1 4±<Dg*Pv 
— ^MB^, 0 1 (O^x^r^^^Vh-lrVtM 6<DSt 

T, 6^O2|*©X|fte0U— 9*=F»tH 5X1. 15X2 

(Darmmtfm— omt -5 ttarax-r-^ u 
freottiftiKiiiiits, ^ir, iSjgpiKi o 

«\ c©ffiBm«<DXj3Kih MY^cM^nftll/ 
-ifT^W 15X1. 15X2. atf U-1fT*ff- 1 5 
YOff-ajffltc^y-by h-r^o cco^i, ls—*f=FBm- 

15X1. 15X2. 1 5 YfccfcDW«tt*W*-*ttJ» 
"CiBHS^ftiBOflaxr— ^ 1 4 0ffiB^H*iB9*n, d<0 

IHUfflX'T-^l 4(DfflB*i«5»*«c:ftiJW"rac4:A^T? 

[0 0 5 6] —75", BJMStcfcJ:, ^2tC^TcJ:-5^, It 

mmxv'-is \ Attmmz&r, ^xaxt-^wst 

<D&mM2 2 X. 2 2 Y tf =F»tt 1 5 X 1 . 15 

X2. 1 5 YA^OU-1ftf-Z,^Bg^sn§J:^(cL 

ffilfl 6 artfc&fdLT, U—tfT^ttl 5X 1. 15 

15X1. 15X2. 1 5 YOtfJWfllcO^U'fey h*ff 
CO«8, S3Stt«r**rS^ftlT^ffiJK^^X/NX 
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[0 0 5 7] BlfcRO. ^H^T***^ 

/1/R*«3tettl LORBW««±»c»|jir*o *<0«. H 
4tC^rr£?lC, ^XAXf-^WSTKffil 3±7? 

ifEO^atcU-if^ttl 5X 1. 15X2. 1 
5 YOttHffioru-fey h*frofc», fHIJfflXx-v? 
1 4±<0{Sl*fa^-* 1 8<D§ftffi#BftSi«l 2£H 

Co 0 5 8] £mip?k 1 om *ow-w*nfcjiai* 

3R 1 rtTBilfiJt I Lfr6»8tTff6n«)t*S:«UJL 

m^T-i? 1 4«S)tffi«l 2^6*tlftiftll*C»iB 

tt, H4fc^ , T±'5Jc, U— »f=F»fH 5Y. 1 5X 

M^tf¥®^-^^^-y>;l/-7°73^T|g®j-r^C £ 40 
J: o TffillMWWf t)ftTV>* 0 
[0 0 5 9] fit, 4ttmKW$Ll 
2A^f$i«^T, ^XAXf-^WST48)tffl«l 
2 tc^^^ffiStc^il^^rT, ±fe<E> J: *5 fc U-Hf 
itlSY, 15X1, 1 5 X 2<OW®M<Dymiv 
n-Dfzm. ^x/NXf-^WS T±cr>S^V-^a5^1 
7 A±OU^*;l/fflOSipv— * (>pBi^) 
ftttiAX (Rftffitti 2O^l0 ttifiKti^rsj^fc 
•)XAXf->*WS T<D&Wli$Vit>tl%>o *(D&* 
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3£dtc, ia 1 OUf^;l/Xf-^R s T^fgu-r^c 

n^^ettc, ^cos^v-^igi 7 A±(Dmcomm 

tu^^^Roaig^oFfi^fc^raw (^-x5-r> 
a) *<iE»fc:«m*n*o 

[00 6 0] ^tc, ^x^T^^i/h-fe^ 1 6^ 

(B3#8B) tC^fLT, bf^;l/Xf^RST^l 
T^^l/RAHY^ (Xtt-Y#lRj) JCiifiVRT* 

Xir->?WS T*^LT«>XAWtf-X*lR| (Xte+X 

[0 0 6 1 ] ic/c, «tt*tefc|\ 1 

Jtjti L^55^L3feitt*o«a*«^ffiii*nT3ia« 
1 1 ici&K&zti. m»&&winm 1 1 vt±s 

a*ff*»U COfJ-»tt*«r±»JW3R 1 0tc«$g-r^ o 
±fW»*l mtf«IB3tt*3RPLrt<OHfS<OU 

[0 0 6 2] feLttf. 

tt, tf-SOfflX^-^1 4^B^ffiiUcl 2«IC««6UT» 
Wtfrio «Atf, B^fRi^l 2 rt®SOBJ3--tt*»j5£ 

BH^fca, H4^fe^T, BB*CT6-fe>-9- 1 9%mytffi 

[0 0 6 3] ^C, U^-^/l/X-r— ^fljOH-WfflXr— 
^5, &D^ai/NXx-y<giJcDlt«iJfflX-r--v ? 1 4^ffl 
V^T, aigJtt^P L<Ott«JBiJS«:»te-r*iftf^k:oS 

mm?Zo ccom^. m3ias^r, u^^;i/x^-^ 

x-^5tcC«f*2E^cDU--+l*=F}$ft7 X 1 . 7X2 
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a, u-if^sw- 7 xi, 7X2. 8 Y<D9tmmcm-3 

[0 0 6 4] £<Dt1*lC, mcmWLtc&vlC, r>x/N 

s^n^h^x h*^a6e>n§o c negate 

<X 1 1 H\ ««Jfc¥3RP LCDS 

p l ©««wit««jE-r *. 20 

[0 0 6 5] tt±©ck<3lc> *ffl0£WW^B?t±* 
->XA77-r^>h-t>^ 1 6tc£oTS*Pv-^M 
A, MBOfflH**tabT, C<Offi«««fuS^>TU 
-fTMl5Xl, 15X2, 15Y(D^Jtyh* 
fT"5fc«), U-1fTi*fM 5X 1. 15X2. 15Ytc 
^^XAXf^WST, XtttHWBX^-^ 1 4 CO 

K<fcDS*Pv-*MC 1 . MC2X&MD1, MD2<E> 
fflt**ULT, U— !fT*W-7Xl. 7X20Uty so 

T»W-r*ci4:««-c*« 0 

[0 0 6 6] &ic, **W0W2 0*flS0«j|8te:o#ig 

0^»JttttB©«W««*?SU C<DB5fc*5^T, 
*ffl®«IBWfc««ti:. ^-X§8 6 t IT 

O^xmWI. W2**n^tl««pLT»fiLr2^7C 40 

->'WST1, WST2»^/cXf->m CCOX 
■r— ^*BO±^k:IE«SnfctaiB«¥*P L U Si? 
ft^P L 1 <0±ST^^i:LT(Dl/f^;l/R l Xti 
R2 (E!6#fi8) *flFf^C0jct2E^flp]JCffil6-rsu^^;l/ 
I8i&«l1lt. l/f*;l/R l, R 2*±#fr6RHW'3"£BaW 

WT, SiBft^ P L 1 Oftitt A X 1 KWilK Z 

0 5O«ffit<:fiiStCYIIIl*ffioTI5iWrSo #0!lT«4* so 



1 > ^2 0 0 0-16 4 5 0 4 
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[0 0 6 7] Sf, X^-i^Btt, ^-Xffi8 6±tc 

Y 77 [rJ IC nil L T^Sl S ft £ 2 OCO ^ x/ nX t— ^ W S 
Tl, WST2«h. cn^^x/NXf-yWS T 1 , 
WS T 2^|gifi-r^^x/NX7 1 -v ? SgI6^8 1 Wt, V 
XAXf-^WS T 1 , WS T 2<Dfijl£f+jflJ^3 z F7$ 
f^X^A££rfif*.T^§ 0 

[0068] cn^s&KPHfrrsi:, ^xaxt->' 

WS T 1 . WS T 2<Dl£BteJ4^B^OX7'/W K (W 

•)XAXf->'WSTl, WS T 2te-<-X988 6±&C 

[0 0 6 9] 0 7(4, ^XAXf-^WST 1 . WS T 
2 £>IK1&«MJ|*^ U C<DB7*c*5^T* ^-Xi8 6 
±JCte, X77|nUC$£tf£ 2*6T)XttUx7^ K9 5 
A, 9 5B*TOcgtte)nTI/^o X*Ux7^K 
9 5 A. 9 5 BfCifiomfhy-Tt-^iOia 
O*4MK5^B^*nTJ3 0, cn^OXfflUx^^V 
K9 5 A at; 9 5 B ic » ot»@ ft K^fi^tl 2 
^ISSMtf 9 3 A. 9 3 C&tF2O(0»l68|5«9 3 B. 9 
3D^DWtP,ntl^ 0 Ctie 4 0<0gf»a5»9 3 
A-9 3 D<Dj£ffigpiC&, X«iyx7^K9 5AX(i 
9 5 B^i^at/fflS^eHtrcfcatc^H^Kiftri^ 

tXft'Jx7^ K9 5 AX*4 9 5 B£b-cfcoT\ ^ 
KjgP*f9 3 A-9 3 n*XJ5mcmh*Z>K—\*V?zi 

t% wToKWTtt, mill, cineco^i!ja5«9 3 a 

~9 3D£r rxUUi^t-jfJ tPf^tOitSp 
[00 7 0] C«rt20©Xtt'Jx7^9 3A. 9 
3B&, Y^ftfcliitf* Yf|'Jx7^ K9 4 A<Dj35«S 
iCKtfSn, S , 9 20CDXi'Jx7 ; e-^9 3C, 9 3 
Dfe. Y?5fa\cmS%> Y«'Jx7*V K9 4 BcDWSSfc: 
HSSnrt^o Y»Vx7^K9 4A, 9 4BM 

■^n^nY^fpjtcjftoTUxz^-^ffl^ i ffloigisn 

^Wa^^nt^So fi£oT> YiUx7^VF9 4 
Att, X»'Jx7€^9 3A, 9 3 BKJ^TXttD 
X7^F9 5A, 9 5 BtcjSoTX^lfiJtClBIftSn, 
YHUx7^H9 4B(i, Xtt'Jx7^^9 3C, 
9 3DlC c fcoTXt4 l Jx7^K9 5A, 9 5B«o 
TX*f|fi«i:lB»*n*o 

[0 0 7 1 ] —75*. ^x^Xt— ^WS T 1 (DJ&mc 
tt, -^Ytt'Jx7^ F9 4 A^±7^Ql¥J75^£> 

M5^Y«'Jx7^V K9 4 Aiiaotto^f 
-^WST 1 *Y^^cB»-rSA-lf h 
S©'Jx7€»^«?nrv^ 0 I^tUt^ ^xax 
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f&St. Yt*'J-7^ K9 4 B itc ctofJXAXf 

[0 0 7 2] EP^ *«Tti, ±iEL/cX«lU^T^ 
K95A. 95B, XttU-7^9 3 A-9 3 D, 
YiU-7^VK9 4A, 9 4 BM^xaXt-^W 
S T 1 , W S T 2 <0lSa5O^H^eD*^«5*te £ o 
T, »)XAXf-^WSTl, WST2^4ltXY 
¥ffi±T2^igKT^X^-v ? ^^^^nTt^ 0 
cne^^XAXf^WSTl, WST2ii, m5CD 
*T-i?mW}J£:8 1 W^lTXf-^Jiif3 8tC 

[0 0 7 3] ftfe, YttU-T'^ K9 4 AOPMKcK 
W-Stlft— tt<DXfiU — T^—ZS 3 A, 9 3B<£>fg;fr 

STlt«'>43->f>y458tSfft0, ^£tSC 
ilfeoJffiTfeSo -#OXi>Jx7 ; e-*9 3 

C. 9 3D<omtl<Ds^>Z>%:%=?&itm±%>£tT\ 

WSTl, WST2±tCte N ^FH^©^x/n*;I/^*^ 

itf nf wxaw i , w2^s^tmaD@s 

tCcfcoTZ^ft&tf 0 7^ (ZtitOlH]DcOIe]K77fp]) tc 
[0 0 7 4] gcfc, ^XAXf-^WS T 1 <D-X?jfa 
4X. 84 Y (H6#!>B) fcftoTfct), «>x 
Bffitfc±tf#*;£ft:feg»ffi8 5X, 8 5 Y £&^Tl,> 

=F»9tfr 6 U— *f If- A cfc D * « tHM 9 2 X 2 , 
9 2 X 5, 9 2 Y l-9 2Y^tft|**n, *(0S*f«* 

Sffi*fi7MU dtitc J: D> ^XAXf->*WSTl ( 

ws t 2co2^ffiB^*n^n»»j*n*cfc5 kiao 

[0 0 7 5] H5fc43^T, I5UB«**PL 1 t LT 
tt, ZSi5i(0«l(0«liW8«[»«OU>Xxl/^ 

MfflLTtcfc^o C©a»3tt*3Rp L 1 OX^lSlOSS 
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7*Z^X (off-axis) ^iD7'^-r^>h^8 8 
A. 8 8B^ SM^PLIOMAXI 

—Bi«**«nfcfflflii*:iMisnTi^*. cn6o/7 

^^>h^88A, 8 8 Bte\ XU y h«©U- *f tf— 
A^fflV^LSA (Laser StepAl ignment) Btttt 
375FS<OF I A ( Field Image Alignment) ^ 09* tf 
2*O^xD^>lf-A<0ia^*«ttli-r*L I A 
(Laser InterferometricAl ignment ) ^3lS^7 

V- * & ZfV X/ ^±<0 Z 9 >T ^ V h V- ^7 (O 2 ^TC^lqJ 

(x^stfY^fpj) oM«-M«tt5(:i:tf7t«o 
*ctt*«, ens assort* as: 

So 

[0 0 7 6] -75-OT^-r^>h^8 8 A 

20 fcfc, ^xaXt-^WS T 1 llcftfifjnfOx/NW 1 

/c> ffi75;or^^^>h^8 8 B&, ^7XAXf-^W 
S T 2±(Cffi^^fL/c , j7X/\W2_hCD7 r ^'Yp<>' hv— 

^oiBBB-BMicfflo^nso cne>©77^^yh^ 

8 8 A. 8 8 B4»fi)tt5*77^^> h-feV^GO 
D (7tn^/f^^W SJftU 7*iS#MtLttl&m 

M^*»iicftiaLTv-*ffiB*«a-r*o cco^wss 

30 **<±#JW«B9 0k:aS6n, iSJ«i8I9 0fr6*flD 
^WSglic£i:TXf-^«gl3 8(C^LTS^Bf 

[0077] sfc, a^iwsbfcft^ a»mpL 
u M77^^>h^8 8A, 8 8 Bo^n^tue 

tt, ^XAWl (XSW2) ©BftffiO^X h?*--* 
ISPL lOAF/ A L^i:LT(i, 0^t>«>S*4A*f^SC 

40 oMAF^gffl^nn^o fir, 7^^h 

IS8 8A, 8 8 BlCtlSIMA F/A L^W^nt 

tcfflv^en* A F/A LRfcSffH— OWJ»JBi**cJ*U 
T, T^-Y ^>h->— y>X^ptCffll/^n§ A F/A L 

^>o CCDtz&b, 77^^>h^88A, 8 8B^fflb 
/c77^^>hi/-t>X»l(:fc, B^WF^PSa<0-& 
^WSTi9i«fitc 77-r^yhv-^ OffifiSt9J*fr -5 
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[0 0 7 8] u^^;HK»«MStcov^r, msR 

U^;l/^~X§g7 9±£rb^;l/R l ^LTXY 

riJjfalc&m^mtels^ZJlTsT'— z/R S T 2 Ctl 
f)^l/f^;l/Xf-^RSTl, R S T 2^121^3^ 

[0079] cn^micm^-r^t. meic^n^^ 

o\C Cn6(Dl/f-^;l/Xf^ 5/R S T 1 , RST2& 

u^;bx T-^mmmms 1 r ua 5 m$j tc± 
;i/x 7— vmssmms 1 r^> ^xAffltoxf-^ii 

^R^OU-7^-^^|gIfiM^bTl^^ H5T'f* 20 
t?«S 0 ZCDfc&b, W;l/Xf-^RST1, RST 
Wtcffiffl^n, MftOb^;l/R 1 , R 2lco(,>T£>r> 

[0 0 8 0] cne>©l/f ^/l/Xr-v^R S T 1 , RS 
T2ll:(t + X#fto{giJHtc, ^;l/Xf-^R S 
Tl, RST2tHli;*tt («l*Utt:53y**» 

%j&z>&W]m8 2 a, 8 2 b *^n-rn Y^rrsi*c®ig:s 30 
nrfeo, cnt><D&mM8 2 a, 8 2 bo+x^o 

SWffitelftWTU— «f=F»«- OUT, *tc r=F*«-j £ 
V>-5) 8 3X 1— 8 3X5ft*6U-tTe— £*&ft«W- 
»JfcT-A9 1X1-91 X5«^n, TM8 3X 
1-83X5 -Ctt^OSWJtt^iJlfiLTm^OSJpffite: 

S>RST1. RST2OX^rrai<0ffiK*ttiBfJLTV^o 
£CT\ TM83?(3^e)«Ifc!:-A9 1X3^ 

2*<OH-»Jlf-A**rLT*3D, cnecD2^ltS'JfB 40 
ct^Uf^^Xf-^RSTl, R S T 2(DXJifa<DiiL 

[00 8 1 ] *ffi|T?fi, H-iffltf-A9 1X1-9 1X5 
(DYJifaiDmmt. &W)ffi8 2 A, 8 2 BC0Y^fp]<D*@ 
J:H^<^nTfcO, cntcJ:oTiSii8 2 
A. 8 2 B{Cti^fpin^Oft»Jtl-A9 1X1-91 

Offl-ffllf— £ (ffUtf 9 1X1, 9 1X2) tfBI— <08P 

s&tt (CTAtf 8 2 b) icmmcmmztiz&siztz*), 50 
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C OW&tettJ&'T&T&tt 8 3 X 1. 8 3X 2 

K:W-a»BH*«itLTv^*i:»a-rc £#t?#£ 0 en 

tCcfcoT, ^idE<D«t -5 tc^F^tf- 8 3 X 1 — 8 3 X 4 Oft 

wmzm^wm 83x2-83x5 (vmiumcmmm 
ic&im+ct&vis&o Taws 3x 1-83x50 
ttiitfflsoxf-^wgis 8tc««e$n, en 

eoftfflffitcg-^TXx— ^iJi^l3 8ii, ^x/n 
Xx-^WSTl, WST2fc(OraWK»*MiET*fe 
^^^Xf-yiiffli8 1 R^lTUf ^ 
;bXr-^R S T 1 , R S T 2 O0te»J»*X#|Rj©ffi 

[0 0 8 2] -7?, l36tct3V>T, $1C01/^;1/Xf 
—> W R S T 1 <DmmJjmcfevfz-Yjjfa(D3&ma^ 
-~N<D&W]§&h — ^ 8 9 A, 89 B 

A. 8 9 BtC^LT. ^n^n2*Ob-+ftf-AcfcO 
&£fHfHtf-A (B6t?(i, l#oitfflje-2*T*ft*L 
9 1 Y 1 , 9 1 Y 2 A^*f*n, ^O^tj^O 
-SOT Mte J; o T^OS*I(c*t L t 
f—iSR S T 1 OYT^fqJOffl^ffi^ttifJ^tlSo * 
fc, S2(0l/f^;l/Xf-^R S T 2 0+Y7JftO«gg|$ 
let, -S03-t-+i-78 9C, 8 9D^I8BS 
n> —M(Djr7jW*tt3t<D=?B9f8 3 Y 3 . 8 3 Y 4 
Wene.(D3-"t-^a-78 9C, 8 9DtC*fLT 
fr»Jlf-A9 1 Y3, 9 1Y4 (*^(C(i^n^n 2 * 
OU-^lf-A^O^^) *u =F&m8 3Y 

3, 8 3 Y 4 tC^^Tf nf nUf^;bXf->*R S T 

2 0Y^rfiioaffi*w»j*nTv^o 

[0083] eneo^^w^x^oT^ttott-sofB 

fc, @5^Xf-^»g3 8lC«j(&Stt, *OffW 
fB(cS-Jl/^TU^^;l/X-x— >>'R S T 1 . RST 20Y 

9 1X1-91 X 5**rr*=F*W"8 3X 1-8 3X5 

t. tf^ijtr— A9 i y i, 91 Y2atmwtr-A9 1 

Y 3, 9 1 Y4**t5 2SO^;W^X7?SO z F}$lt 

4ht^5 0 TM83Xl~83X5«5t 
tt=F»tf8 3t***n, #Si8 2A, 8 2B&tfftiiJ 

if- a 9 ixi-9i xs^nfnBsta^Bas 

2&tftf»Jl£— A9 1 XT^Jntl^o 
[0 0 8 4] ^tC, ^XAXf-^WS T 1 , WS T 2 

ofis^ss-r^T^tf^x^Atcoi/^Tia 5 —a 7 * 

#ILT10^So H5-H7^t«fe^i:, W&ft¥> 
^PLitofiKi^ OtftAXi) T^^*z/ 
h^8 8A. 8 8 Bo^n^rno^w^t^iioxtt 

tC^T^telC^T, ^XAXf» i>'WS T 1 <D-XJj 
[RjOffiiJ®OK*f®8 4 Xkltt, =F»tt 8 7 X 2 ^6 3tt 
OU— tftf-AJ; D*^Itffl'Jfcr-A9 2 X2tfS»Sn 
Tl/^o ffl&lc. ^xaXt-^WS T 2 O+X^jfpJtO 
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MwsoRmms 5 xia*. =F&ms 7x5^5 3W<ou 

5o TM8 7X 2, 8 7 X 57?«*n60g*fJt«:S 

[0 0 8 5] EI6tc^rr<£-3tc, fttflJtf-A 

9 2 X 2Stf 9 2 X 5«, *ft^ttEl^fcttftfc*ffiW- 

WSJ-TST^W-S 7 X 2, 87X5B, ^tl^Mx.^ 
Xf-^WSTl, WS T 20X^T|Rl<Dfi[B«:tf-SlJ-r5 10 

3t»k fy^ft (ZNiQt) comte^) 

s t 1 mws t 2 tea. Beic^t-^dic^n^n* 

yyXf-^LS 1ML S 2**Rtt&nT^5tf, Z 

• i/^u>yxf-^L s i&tfL s 2temmatfcm 

S8 4X, 8 5XADfcffi^»#lC*6o ftot, 

m<Dmw)mi*±T, cn^coT^tf-8 7x2, 87x5 

[0 0 8 6] &*5, Xtt<0ff»Jlf-^9 2 X 2, 9 2 X 
5ti, ^xaXt-v^W S T 1 , W S T 2 co^iSSEHO 
MTWOxaXt-^WST 1, WST2<£>Jgttffi 
8 4X. 8 5 XlCMMZtlZ&vlcK-DX^Zo 

X(i77Y^>h^8 8A, 8 8 BOtefflB^Ofa 
ncD*-&tCt, ^XAXf-^WSTl, WST20X 
^lRlOfSfli«H-ilBlf— A9 2 X 2, 9 2X 5«fflV>fttt so 

[0 0 8 7] S/c, ia6&t>ia7tC7jrr «^x/N 
Xf^WSTl, WST2<D+Y^lft<0(WaStf»»« 

tur<os*fffi8 4 Y&t;8 5 Y(cipxsnrfet), & 

iJft^P L 1 <QftffSAX 1 YtttcWrfcttiffltf 
-A9 2 Y 3ffT»tt8 7 Y 3fr&E»I8 4 Y, 8 5 
YlCBB»«ttT^a 0 Sfc* 77^^>h^88A, 8 
8 B(D J ttl?tl(D»tiitp*Ly*m*) YflfUC Wr&ftiffllf-- 
A92Y1. 9 2 Y 5^^n^n^"r^T?$tt8 7 Y 
1. 8 7Y5tlStt6nn^ 0 40 

L 1 4ffl^/':»tfifO')XAXf-^WS T 1 , W 
ST20Y»rRlOfflllfft»jK:tt, tH»Jl£-A9 2Y3* 
^OT^tf-8 7 Y30ltSM^fflV^n, r^-T^Vh 
^88A, XH8 8 BOffiffl^'JxAXf-^WS T 
K XiiWS T 2OY7afpJ(0ffiHtfPJ^^ > ^n^tlT 
i$H-8 7 Y 1 Xtt8 7 Y 5©ttfflffl*m>SnSo 

[0088] Ur>x, &mmgkmc£K>. y«kz>t*w- 

87 Yl, 8 7Y3, 8 7 Y 5 OftPJlf ~Atf ^x^X 
f-yWSTl, WS T 2cDJg^ffi8 4 Y, 8 5 Y £ 9 
»n5«6tf»§o *<Dfc», T^lt8 7X so 



^2 000-16 4 5 0 4 

26 

l&tf8 7 Y30PatCYtttCTO*tf-SiJtr-A9 2 Y2 
*J»o¥»tt8 7 Y 2*SW\ ^F?$ft8 7Y3M87 
Y SOBteYHteTfTftW-Wtr-AO 2 Y4^0fj$ 
It8 7 Y 4*WHf%Ct\C£9, -)XAXf->'WST 
1. WST20Si^ffi8 4Y, 8 5Ytc«^ 4>&< 

ti^o ccorc&ic^ &W}WttLT<D£.mm8 4 ysof 

8 5 YOX^ftCQifl^rDX 1 £*r3<>, WSJ If- A 9 2 
Yl, 92Y2. 9 2 Y5(DX7i^]COP^BDX2^ 
IBDXlJ;HR<RSLT^8o COtt*. strfJtf— 
A92Y1-92Y5 S 2 0<Dfti9Jlf-A# 

mmicfcmffi8 4 y, 8 5 Y±*cBa*f*ns»-&*^-r 

5$<£><fc ? fc*<0tt«T3i 1 ©=F#ffl*68I 2 ^T^ittc 
tt9JfilOSttiSL*ffoT(/^o CtUCcfcoT, ^x/n 
Xf^WSTl, WST2«Y^CfcVTfe, fljl/^ 

[0 0 8 9] ftfc, Y*rftOffl«fHWfflOH-JWlf-A9 

2yi, 92Y3, 9 2 y 5«, -tn^nz^fRikmn 

TffifiMfiHftSffl^fT? C fctfT** 2ft(DU- If If— 
^D^/t^ *fiS-T^Ti$tf-8 7 Y 1 . 87Y3/ 
8 7 Y 5HU ^n^tlW-WitftcOSWBS 4 Y, 8 5 Y 
tOY^rraoffiBOfBU:. Xfitoln] 0<£>*f(£4ft C^UH 
ft) cDfJ-$Jfc?T5c£#T*££ 0 *fWTtt, TM8 7 
X2, 87X5, 87Y1-87Y5 <D&ft 7 ~D<DT& 
fBCcfcoT. ^X/nXt-^WS T 1 , WST2(02^ 
7C<DffitiffiS«:SS'r 3 T i$ff v'XfA #«jSE s nt V ^ 
3o f^iE^r^cfc^tc, ^XAXf-^WST 

1. WS T 2Ort<0-^«}t->-^r>X**fir LTl^ 
3KL ffi>?«^x/>3s^ Stf^XA77^^h^ 

W»8l3 8tf, ^xaXt-^WSTI, WST2 0) 
[0 0 9 0] #ic, *«0JHW*atfWW3Rfc:ov>T, 

SKrF, A r F s XteF 2 ?©X*i/V U-1f)tiifc 
i^^Xr/. (»}£«*) fc«fcD**ft«»4 0fr&*# 
HJ^n/-:M;l/XU^J;0%5SMtt, ^>i-y*4 
2*attLftfc 55-4 4fc<fc0fflrSl*tlT, tf-A 
x+x;^4 6, 4 8tc<ki5 3ia*if"-Agtcfiflg* 
n, m 1 77^7^U>X5 0(cA*f"T^>o C0^17 
7^7^b>X5 0^5)*ttH?n/'cB^i, U>X5 

2, »^7-5 4, U>X5 6*j>US277^7 
^U>X5 8tcA*f-T^o C^277^7^fU>'X5 
8cfcO»ffi*nfcWfcjttU\ b>X6 0*«T\ U*-* 

;i/R i (xiiR2) tmmnm^mm^tirzm^y^ 
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v htto«aw«*i a (0 6#d *fiwrr* 0 

[0 0 9 1] #:tc, ^joMffl^ti, «B£f**tt»« 
tcfflfflJ-T 9 0 c £D±W»gH 9 

0^WttT*c&£8ftfi3W^B7 OMXf-: 
g@3 8**^iJ«Snt^So ffllifcf Ut^jI/R 1 CD 

Ote, U^*^;bR l Wxawi kOBI*i**^ 
[0 0 9 2] CCO^, Xf- ^liS!3 8fcJ;D. ± 

k gp-ei/f ^;i/xf-^R s t i t^iAXf-^w 
s t i tcomm^m (siw) A^iwjftsnso c<om 

<Otf«9K— A9 2 Y 3, 9 2X2MUf^/l/Xf-^' 
fflOTj$tt^X^AOtfS«fcf-A9 1 Y 1 , 9 1 Y 2, 

9 1 x3<DWifflm* : e—#L~D-D > xf- i/fflwmm.3 

[0 0 9 3] f bt, SXf-^R S T 1 . WSTltf 

OWWHWI A (0 6 #88) tffiSWSn, *<0fiHWflM* 
I ArtO/^*— >©«*«ia»iW3RP L 1 KcfcO 1/5 

i k^i^ffljtatr^c tr% ><mn<D±m<D 

m&V^±<Di/3y h««fc:IW&tB5Sn*o COS 
ftOKSfc:* SftfiMWgH7 0&, 5 5HB»i6B7 8 
^t0/^lTH]^7-5 4^|gSj^-^^C 200 
77^7^U>X5 0, 5 8T#B±*-*T»*»fc:J;*l?a 

[0 0 9 4] j£*Jt3frfJfc:*x/\W l±c0^-> 3 

8tCj;DgSSnTV>So Sic, £*J 
8P«fi9 0-e«\ jtSBJtWFfcraffl^aEtfir-J 
U^^/VXt i/^^x/NXr — v'k Offij^MJfifaH^ 
*1«jE-rs«^ SXf-^»ilt§Xf-^|i| 
»«B3 8^«LTX^-^fflBOMiE**»^-r«o 
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[0 0 9 5] ±|gOJ;-5tC*W|cDU7 c -^;l/X7 L - 
^R ST 1, R S T 2, SWXAXf-S/'WST 1 . 

ws t 2\ctezn?n&ftmcmmmmtfmmi,T^% 

^XAXf-^WSTZ, M2O(0Y|ll©T»tt8 7 
Y3M8 7 Y4«rWcBXoT> T*»0»SI«Q§«' 

10 [0 0 9 6] 0 7 OffiB JC & 3 yX/NXf-^W 

fcf-A9 2Y4tf. >>XAXf-yWST2^iai: 
lT05lfS8 5 YtcA*fL&< iMK, «)xax 
f-y W S T 2 JbH X^fajtc^iit ^ ^> ccD^mcom 
*T*fHfflt£-A9 2 Y3#, S^ffi8 5 YtcA*tL*< 
fCT% ^^8 7 Y 4 £T?$ft8 7 Y 3 £<Dfl8 
T\ H-SMOS^iSL^KWStCffoT, TM87Y 
4, 8 7 Y 3 0fRTn^*fflV^TS31'l40#S^T^7X 
AXf-yWST 2<OYffi«tOff»J*fi : -5i&SW»*o 

[0 0 9 7] 08 (a) H\ 8 7 0»>XAXf^WS 
T2^tfffiitfeD, CO08 (a) tC&V^T, ^ 
x/nXt-^WST2(DXS[pI^M, XffiOT^H- 
8 7X5tCcfcoT\ "i/XAXf — '>*WS T 2CQY 

^iRjtD^ffifcfc. 2-3COT?$tt-8 7 Y 3, 8 7 Y 4 £ 
TiSSnn^o f»tt8 7Y3, 8 7 Y 4<DftaiJfcr 
-A92Y3, 9 2 Y 4 OX^fnJOP^D X 2tt, tfx. 
AXf-yWS T 2<D&mmS 5 Y<0X^7n]OifiDX 1 

30 [0 0 9 8] CCT\ *»T»8 7Y4, 87Y3 

W»Jlf-AOi1fiiRi:LTtt*iiO^H^c02«a» 
«*l/-1f «59*tf-tf-W»jRS<Oift*6 3 3 nmCD 
He-Nel/»^)tS) *MSfl!StlTV>* 0 C02iHiS 

Jfe-rcKO^N-rn^^tf-A^mtf 1/1 0 

40 ckT/aiftiRA f o#bsm^s R*^ric*n, co« 

If SRW»ft8 7Y4, 8 7Y3to^tlfn^S 

[0 0 9 9] ±gBO^N-rn^-f vtf-A**n^ 

ni/lOSS»«[Ui6hftSK MS2^f 
P^>T>lf-A^=F*W-8 7Y3, 8 7Y4iC«|gStl 
TfcD, T»ff-8 7 Y 4ti»2^f P^Vtf-A© 

■JWift^BK-ra 2«*o— ^r*w-»je-A9 2 y 4 

£LT, flKf*r#JSlf-A t LT, #SHtf- 

Att^H^ooBga-esw^nao fir, iEWsnfe 

so #«8tf-Afc, 5#tffi8 5 YTKWSftfcW-Wlf-Ag 
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*fe««nTH9©ffl*BJt«»2 6K«|&*n, te*Sl£«S 
gg 2 6 Kfc^T, ±S2©#R9«^ S R fc»Ji£«^ S2t 
(OffiffiM 0 2 tfffi£0£MHi (0fl*.fcf 2 n / 1 0 0 ( r 
ad) ) -ettW*nT«W«2 7K#*&Stt* Q 
[0 10 0] CORHc, W-»Jtr-A9 2Y3, 9 2Y4 
<0»S*AfcLT, 1 &L±.<DW&m1tm^X. S*fffi8 
5 YtfY^ftJC A/m O£0)JCD4: •? 

T'{4m=2, ^;W<X^TSTf4m=4) 1£lf& 10 

iftb/ittt, ^CD{5*BM<Z> 2*#2 n (rad) met 
5o £fc> fifBMtf) 2<D«5H(iO^0 2<2 «TS'9> 
0 9 2 7ff4, fitflMtf 2tf 2 ;rS:+;$|q]t;:#i 

fi»N2A>6 l*«Hfi-«. f LT> Bti»J^(i«»gg2 
7« {N 1 + 0 2/ (2i) ) fcA/mfcSRCfcSH&Hit 
P 2£'>X>'>Xt— : ;WS T 2<DY7?fr©*&*MiBi: L 
T Xr— ->*fffl8PgH 3 8 Kg*. 

[0101] |5J«(C N ^Fj$|f8 7 Y 3 fWJ 20 

tf-A9 2 Y 3^5»5n*W3tfl|^S 1 t±nZ<V^M 

0%«WJ5i3fc:Ja»r*»»N 1 , &tfA/m*»5»tl 
SftStf-ffiiJBP 1 i&Xf- yH^E3 8tCj^5o EP 
^> =F?flt8 7 Y 3. 8 7 Y 4 tt* tl^tl'i'XMXT— 
5>WST2©Y#ftl©<&iI;fc, A /m©i|@rtT'{4*S*tffi 

[0 1 0 2] f LT, *«OX#OT»ft8 7X5tt, 
0 6 l£7nT J; -5 fc Y^ifi]fcg|nfc 2 ocd U— tftr— A* 
«JtTt/>S;rca&, cnS 20<DU— 9*t£— AtCtSSW 30 
938 5 XOX*«OW-9J«oa»J: tfx^Xr— S> 
WST2i?3lHlS5fteW2^tf-Sijr'#So fCT, ^160 
8 (a) O«!»T*Oia(gfteW23V0fc**J:3fc:^ 

i$it8 7Y4. 8 7 Y 3fCfctt5S»N2. Nl^OC 
v-tv btzt&K.. tfSISnSffiffiig* 2. 0 1 {C 
{1/(2*)} (A/m) «rSUT»P>n«H-S!jfii 
(SJJWfifO P 2 0. PI 0 4Xf- ^MflISefli3 8fcf? 

[0 10 3] *-LT, Xf-iflW»*l3 8Ttt, 40 
H-87Y4, 87Y3 OttSJffl<0*7-b •> h **-ftJpn 
-P2 0, -PlOtLT, CO«tt¥*tt8 7Y4, 
8 7 Y 3^6«fe«n*W-»Jffl[P 2, P 1 fc^©^-7-tr 

•y h (-p 2 0, -p 1 0) zmnvrcm*. T&tts 

7Y4, 87 Y 3(Omm<DmmmP 2' , PI' fcf 

bp%, coh-»j«p2' , p r a, ±seco^wtt 

N 2 = g IP2' / (A/m) } 
e 2= (P 2' / (A/m) -N2} 
CCT\ g (X) (4, X*ffl*£<,->g*<DgE»;£iM..5 
MJKT'feSo ««c»ifi-r*«k"5k:XT— ^*J»*«3 8 so 
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f>5.iD^iAXf-'>'WS T 2<DYjj&'\<D&{&&* 
iEi«tca-rci:tc^So *©fHBMt©*a»Ht (P2 0. 
P 1 0) tt|21S;*ftTV>;5o 

[0 10 4] ST, 138 (a) tCfc^T, >>.iAXf- 
->*WST2A<-X^tSK^i6UT> 08 (b) tc^ 
ffflUlcaLfcfrSo 08 (b) T«U TM8 7 Y 

4©w-sijtr-A 9 2 y 4 tmtbmt Lrcos.mm8 5 y 

2<DYmmit, ^^8 7 Y 3t«toTtfiJ5nTV^S 

toi:-rs„ c©m^?>sr>"0 8 (a) tc^-rfigic 
iHifrot^iAXf-v'ws t 2 &+ xy;mz.&&}%i& 

S*t®8 5 YA^i$lt8 7 Y 4 CQlftllfc?— A 9 2 Y 
4(OMttl5H (ifJSIEH) ftlc^fzmc, f»fl-8 7 
Y 4 0«-aiJ«*«TO J: 3 fc LTSt C7*U -fe v h) 

[0 10 5] S-f, X«lOTj$it8 7X SOW-Wlf-A 
9 2X5 (2*OU- tffcT-A) ICiot^XAXf- 
->*W S T 2 <0EHEft 9 W 2 (SI? 0 iCifiV^/hS ( r a 
d) fcttSJ-TS. COtaSt, 0 8 (a) fc*5 

t^T, ff"SlJk!:-A9 2Y3*ffl(/^ ; F^tt8 7Y3tJ; 
5 YffiSOtfifMP 1 «r5Rl6« 0 /"cfcU CCDttSMP 

^LT\ flBRffXT— ->*»JfflIilH3 8(CfeV>T, ^CDlt 
IIP 1 J=t>Ti$fi-8 7 Y 4(DTj$O^ISN 2 (N2f4 
SE») ffli&e 2/ (2«) i:««^ffl[*5R46§ 0 C 
e 2 54, ±IEO 0 2 (cftJCS-r Sfi^So 
[0 10 6] Xt 1 — ^#JW*«3 8rt©»W« 

(4, tfifJfcT— i» 9 2 Y 3 , 9 2Y4cOP^DX2, 
'^r-^WS T 2<D|5J(gft(DW-iB!lflieW2, Tj$H"8 
7Y30JHItPh Rtff»ft8 7Y4, 8 7Y3(D 
ItSiJfflO^WfBCM^ (=P20-P10) 40> Ti** 
8 7 Y 4<D*y-t-y h ffilEMVftfflm P 2 <D«^<i P 
2' ^©.fc^tSW-rSo 

P2' =P1+DX2-0W2+ (P20-P10) 
[0 10 7] fiajx(4*[HlKftcOf+SJ(I0W2cDitiii?S^ 

iSt^^ca, cciSiP2' ^^(D^^Ti^ff-s 7 

Y 4co^ffi£DI+S'JfiiP 2cofti: Lryj-tr-y J> LTt4 
L*>L**<e>, tf-SiJfi0W2lcl4^Siga©tfWI^ 
£tf-$&riXl^Z£tff&%rztb^ T^ff" 8 7 Y 4 {4*1 

a /m»{fir'*6Mfig*tf-fflijT- tsci: mm lt> 
ownwti^ojB^fflp 2* %m%&£tsimft£icftm 

•TSo Sf^T, T^W-8 7 Y 4©H-8iMt©f&tfiBP 2' 
Off'T-SS A/mON 2te«S»3 0«JWiS8S:e 2/(2 
/r) t^So Xt— ^*JWSB3 8(4^£OJ:-5{c: 

iSN2, SHf«S!(e 2*3¥fcH («^) T5c 
[0 10 8] 

(1 ) 

(2k) (2) 

r*t4, itwfflp i frzm%n&^&<D&wki$m®LV)m 

fem. (N2. e2) t, 7 Y 4 TH^fCltjfJS 



(17) 
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tizmm (mtt&m 0 2 tfrz, T^tf-s 7 y 4<d 

[0 1 0 9] B9(i, *m<DX7—i?mW&W3 8<D— 
SB, StFF?$it8 7 Y 4(0— gp^U 09tc^t*<fc-5 
tc> z H$lt8 7Y4te, «|*(f «fft^fr&ttJ;fc£n 

fc#w«^s r i: Steffi s 2 mme- i*t&m\*~- 

g§2 6*WLT^5o teffiit^g§2 6 «\ #Kf^SR 
^fflii^fl^S 2i:cOffifflg0 2WU ttWSnteffl 

2§2 7*fit^S 0 

[0 1 10] mn^2 7 it, W-WWrk:tt±8EO<fc5fc* 
OffifflMd) 2©g{bfcDBEftN2*««LT, {N2 + 
0 2/ (2/r) } tc (A/m) «*i;T»6n«W"S!Mi 
P2^ (*W7ttg|tffi8 5 Y) tO»»a*^ 

t««tLTXf-y«»8l3 8fctttfjLTl/V5 0 fS 

2k*it«-rs 0 cvttmz. «t^*tifeffiffl*o*s 

fg£2^0 ("tf p) Xt±2 /rfc:ifi^»S\ Jt^LfcT* 

«©»tt*Bi o*#fiabooBtwr*o flrar k 01 

P 2 - (A/m) • N' + (A/m) 
CftKcfcoT* z F^tt8 7Y4cDftM<lP2ti, ^ffft 

[01 13] bUKD&ottmvi*. mmfrz<Dfcmyt 

1> X&N2) *ft^5fc&<D«^ffi£LTfiJfl!U 

tig (*fe^ffiffl) <t>ticm-3^T, ^<om\<DTm\(D 

TfctoJfc* (N U XttN2) tt^T 40 

[0 1 14] ttBli^tfB*^ MS^eDIRHT 

T, fHWEl31«ll2 8Jc^aN2 = 0*2Sl5, so 
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[01 1 1] B10 (a) - (c) tc*5^T, 

= n-i, k = N. k = N+ 1 commomm^mTTsL 

1 0 (a) tt, ^ffiffli0 2iffiffiH(OiSiE 2 

t<Dm<Dmttm&n<i;t)'bz\,> c i 0 2- e 2 1 <*) 

(b) 14, SPg<DffitBI§0 2^^>fifflc0«^fae 2*m 
Ufcffi*^cfeD^:#l> (0 2-e 2>/r) l^LT 

-lrtWSO"?, ^^HN' «\ N' = N- 1 
£^5 0 010 (c) 14, ^«Offl*B*S0 2*^6 

ffifioist e 2 *Ki;fttttf - « i ti/hs^ (02- 

e2<-/r) «£*^L,T<^£ 0 COW^fcfcBjjHQil*) 
2tt2fc»N+ 1 rt*c££cDT\ N* = N 

+ 1 t-tz> 0 

[0112] mwmmmw2 w±<D£7tcLT 
ARfefc^u-t:^ hbn* ^r, in 9 <Dmws% 2 7 tcw*rs 

:/U-fev hfflREi:tTffl^n o «MC»2 7T«. 7 
U-feyHBRE (SP^N' ) *fiaN20yy-fey na 
fcLTBBSU fflm«»2 6*^6(Offl*BIS0 2fc*(0 
fcfr J: Sic Yffi«<aftS!JffiP 2**Hll 

(02/2«) (3) 

»SaS^S2 80W^ (M-feyHD RE (=0) £r 
«J»»2 7K:KS-r*J:a»cLTfe<^K*<»«o CO 

51/£tftfl»S2 7 (TM8 7 Y4) tcga^Stl* 

co i i si sfc, mm§$2 7<Dmtip 2tfi&mci&v 

&~Drc£2friZ>\ 7U-feyMRE2^SW8 2 7»cfi 

So 

[0 116] Sfc, WJTti ^ x ax f - W S T 2 7b s 
&W)TZ>ffilCl,Z^ ^XAXf-'>"WS T 2CD{B'J®8 5 Y 
£T8*ff8 7Y3-87Y 5 ^^OffiBJlf — AcDrt^tl 

fctb, *MTtt, SftiWif— ^BOMH «5»J^tf, 0 8 
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tC^-rftfflJfcr— A9 2 Y 3, 9 2 Y 4C0HPHDX 2) 
f)\ ^xaXt- ^"WS T 2<DX#|njcDiHDX 1 <fc D 
}§< ft««fc5k:T»»*eBLT^«o 
[0 117] a6©l/f^f-^R ST 1, 

R S T 2t0{fiai«-j«|*fT5fca6O I F»»f-8 3X1-83 

mho »s*<fif*>ft, cnicm^rnmrncommi, 

r-^WST 1 StfWS T 2 t©H7?f nfn«?x/N© 

C 0 1 1 8 ] m 1 ©JfiaS^X-r A«\ 0 1 1 ICTjk? £ 5 

vWS T 1 i:Olffl-e»5E*rSJ;'5fcLT»>x/>32«*tT 
3o 1 Oje^i/X^rA^, Ytt^tcffitf^Sl 

CO u t"V > y H 4 K 9 6 A x LtDD-fV>^>TK 
9 6 AfciSoT^lJrrsSS 1 5^20X7^^9 7 
A. 9 7 C\ ^10X7-Y^9 7 A £tt Of*** 6 later 
Z/Xi FT A 9 8 A N S2(?)X7^^9 7 CfcllSOf* 
»6nftn-K7-i9 8 Cf«^T«?n5Sl 20 
cd^x/nci — •JXAXf-^WST l±^t?» 
nft3*0±T»WJfr6/a«»l 0"b>^7y^9 

9 kfr6*«*n«o 

[01 19] ccomi (DM^Tsv-uckz^jL/^m 
ommc^Ts mmicmwTZo ccr* hi it 

TK-Tctatc, £{||<Q#x/>>n— -r-YV^ffifitcfe^x 

^xt-— ^ws t 1 ±&c&£^x/\w 1 ■ tmiw^ 

^n— ^c<fcOJ83S*nT*fc^x/NWl t*^»*n 
tc> ifMSJISH 9 0 "CHi, ^B^£Hr>*-- r yaffils 

c&vmv, ±»mi9oto, ^la^o^x/N 

n-^*iJfflI^H«:/rLT7'VD- F7-A9 8 A*»>x 

9 0T?U\ -try^-77^9 9*^£ffiB*^T»B» 
£-t£T, ^xaWI' *7'>a— KT— A9 8 AtcStt 
BLfc», 7>n- K7-A 9 8 A^§S%i!i&^ 40 
H±3 0 ±«»aS9 0Ta> »>x/\n— yMW«E 

gtcr>n— 8 A£>iIiBi:a— FT"— A 9 8 

COS»Btt*»Sr* 0 CtUcJctK 7yp-K7- 
A9 8A#Hl l©-Y;Sl^O#»*Ma&U ^xvn 
W 1 *fififLftn-F7^9 8 C/)^xaXt-^W 
STKO±*k:*fttS, 9x/No-^r«ij|paEBicj:t} 
P- K7- A 9 8 C OKMf *W?n> W^T-fey 
^7y^9 9*±lfB»t*Ci:^ »)xawi*^ 

x^x-r-S^W s t 1 ±u:sttjs*ns 0 

[0 12 0] £/c, ^XAXf-^WS T 2 tcOKT^ 50 
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^<D&ir&L*ffom2<ommi<'XTL>i^ hi z\c 

fV>^F9 6B, C<Dgl2cDo — t"V >if^f-f K 
9 6 B*C»^T^lSf 3X^-r#*9 7 B&tf 9 7 D, ^ 
3cDX^^9 7 B.»c*0(*»6nfc7'>n-K7'-A 
9 8B, ^40X7^^9 7 DKKOttttSftfca-K 
7-A9 8 D^$A,T«?ntV^ 0 D^F7-A 
9 8 D^^(i^^cM^^n^r>x>'^W2 , *MS#SftT^ 

[0121]^ *m<D&mmyemw<D2~o<D?3L^ 

Xf^WSTl, WST2tCcfc^MfT®StcO0>TEI 
1 lRtfBl 2*#BabTWWr*o HI lfcltt, -Jrx 
/NXf-^WS T 2±©^XAW2icg^^P L 1 
*rtLTB3fc*froT^*BBte* feffl'Jn— r^y^im 

¥ffiB4^snrv^ 0 H7XAXf-y\vs 

T77-f^>h»<WfTton« 0 &*5> HI HC*5V> 
T> Bftl&fE ^O^XAXf- ^WS T 2 cDfigSJa? 
«U T^ft^X^AOftifJlf— A9 2 X 5, 9 2 Y30 

ft^^T^n^^x/NX-r-^WS T 1 OffigftJSPte, 
T^fH-^X^AOftffltf-- A 9 2 X 2, 9 2 YlC0ltS»J 

0T^iXf->"Wil3 81:^11, tfx/\3J»i: 

«osHH*Bt (rytyH *nmi>T^z>o 
[0122] ^x/nssj, atfTgwtoipjwfflH^fcgi 

HHcfTfetiS/fr— f-77^^>hfcli, >)xaw 1 <Dj$ 

as* t * * ft 3 ^ y r v >r * > h mi v imwmmtf* 

Sl^fctf), t>XAXf-yWS T l±T?S«fTfrft*7 
■J77^>hOC«*«o «f*«fctt* Xf-v^W 
S T 1 ±(c^S^ft/- c H7x/NW 1 KcMStl/:3oa) 
^~f77^^yFv-^ (/FHtr) Ofig^HSOZ 
;*>h^8 8 AOL S A^eO-fe^-9-^ffll/^Ttf-WJ 
U ^ftSlHg^tcS-^O^T^x/NW 1 <£>X7if*U Y^ 

irk Stfe^rpjoffiB^to^tT-po 

2ft3o 

[0 12 3] C<DV—?-7^^*>hCDmT'&. ^X^ 
Wli^>37 h«S«OSE5»J*dC-CtiE G A (x> 

7^>z^^^>h^fTt?n^ 0 mfbmat, ^mm^ 

Xt^A (StiBUtf— A9 2X 2, 9 2 Y 1 ) 0 s ^>x 
AXf-^WSTlOfflMULoo, mt±<D->3 

^{C, ^x/nX^-^WS T 1 *«3fc»ii*oo, ^ 
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AOF I A*©* u cofHWSjRfci/g 

<n&m>(Dmm$m 5 9 0 \z & k> mwzn, 

CO 1 2 4] f LT> -^XAXf-^WS T 1 <RiJT\ •> 
^x/NXf-^WS T 2 ffllTtt* 2tfc<Db^*;bR 1 , 

&p l 1 ojt«iT*»i:»i&s-e:fc«, *s/h ^ hmmco 

Myt<D%$jM.^ @60Uf ^;l/Xf — v'R S T 1 (XfcfcR 
ST 2) fc^x/N^^-i;wST2i:**aE*fei^ra«H 

'I'R 2*ttoTJi#;6aE»tt*f*^fc», U^-^Xir 
-^RSTl, R S T 2^+Y^n^cm^fi^KjLTU 

[0 12 5] ±5$L/cI^ 1 1 tcStZOO^XAXf- 
^WSTl, WST2±TMfTLTfftonS«JtS/-y 

^7L/c^x/NXf-^mttit4^ ffi^cD 

-^wsti, wsT2*<»»wj»sn*o fir, n 

f-i/"WSTl±WXAWnt SIBJt^PLKO 

[0 12 6] ±faOcfcdtC^:fi?ljTii, 2 0C0^7o:^Xt- 
"^WSTl, WS T 2 *»4LT2*7WHllC»KiS 

^^xaxt- ^±©^xaw 1 , W2tc^ 
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*0^t^So tCZtf, 2Ot0^XAXf-^ffio 

T2 0(D»f^*ra«Fffifr«i3i , ra»^«, -^o^x/n 

[0 12 7] fetE»W«\ ^xaw 1 fcu*- 

^ri, R2t*^3a^rawjtaE***tii:^6na 

S^SSo CCDfzbb, ^^XAXf-^WSTll 
TWSaEBfttffc*, ffi^O^XAXf- ^WS T 2±CD 
^x/NW2TfTt>n^7 T ^^^> bv"-^>XtC:fc^T 

■5* r^-r^> K->— ^>X^fett^)ttifJti. ^xax 
^-^WST2*»lh**fc«l»TfTfcn«fc«>, 

a t « a s f *»fttt»j*<fT x. « c £ * § 0 
[0128] mrc. v^&m$}ci3\,>Tt>mm<Dct 

[0 12 9] »attouf*;l/««o 

ft) oift±a&**<»5n*o co-fiBjti* 

L&tfS, *Pc0 2^£D'j7X/NX^-v ? ^{S^/cS^S 

[0130] ft^b% *mn<Dmmwm&zLti\<zmfe~£n 

— v'^^ffl-T^C i:tcj;or, 1 oo^xaXt-^ 
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- ? coffin*? -fcHc «fc o T ^icmXt— i?%mWl L X l> 

[0131] *mm<DBm<Di9L%z&ftmmiz. &®l<d®, 

SE»^«:5l/f ^;l/Xf— >"R S T (R S T 1 , R 
S T 2) , <7X^X^->>"WS T (WS T 1 . WS T 
2) «§^£rT3i:£fc{;:, ®.$i.<DU>Xfrc>ffii$.Zti 
SSI^^P L (P L 1 ) <0)t^Jia%fTV\ MfC 

m^mm m^.mm, -mmmrn) z^zctic^vm 

CO 1 3 2] ±IB©ili5Sc0«ffiT?{i, 

mm. fe^vH±, xjsi^oe u vyezmyev:- 

[0 13 3] *ftWt,Z±'&(Dnffi(DBMtcm7£-$ 
[0 13 4] 

fc, ^-BUdX^-^^©® l SiJ^OifflJiBHFtycA 
oftBHcfc*, m l ffl^fcJ; ti^-OBliftXT— ^(Dfig 

[0 13 5] ^{C. *&W<vm2<DXr—i/"mmi,c£tl 
^<Dffl 1 ?fJ^^<0tt»J^*^c0^2ffliJ^©tf«iJiSg« 
03Ct#T'^5o 

[0 13 6] *^comi ©^^Bfcj;n«\ 

; €-£DoiiiX'7 L — wmmz^-g < -rs c 
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[0 13 7] #lc, *fgB^(0^2(OI5^§tC < fcn{i\ 

x^-s^o/j^t, mmit%m^>i-7v hvfo 
© v x ^ <d> \* - i/Kw^t s bo wit *w-»n-r s * 

OWttW-iW«IItt, SUcDfg 2 cDpIKjXt— S>»c«MB£ti 

[0 13 8] *K:, *«WOSB3 0««««K«tntf, 
CTx-ff^-oaStOBriftX^— i/<D[*i<D— Jj<DBjW)7s'r— 
^"CBJfcKf^^fTV^a^ & . S'JOBTftX t— ->*T«S« 
08BAS8WStf7'^-i'^>'hi6ft*ff Him, X 
>]/—7y hO|R]±S:0.5c:i:tf-z?t3o -^ic, #fgH,Ecr> 

Jtfc-^-SC tic £^>T, ^<DSg 1 cOpIUjX^— v>©/M/ 
ft, fSfift*fTV^X;l/— y-y hc0lH]±«rl3-5C ttfT% 
S„ -73, ®7ttCifi^S*^< v ^-OtS^Tt^Oifg 

[0 13 9] ^{C, *fgB^cDmiOfig^4673j*(CJ;n 

«±\ ffliitc^-olt^OBiKix^-^ofiiB^jgFfilfttW- 
iWLTffi«j*ij>-r«ci:*<T?#So *»^oa 

2cofflg^4673?£{Cj;n(^ fflaSlC^coai&CDBllfjXx 
-J ; OffiB*Kf(|fl[KfHB)LTffi«»«>-r* C t^T* 

So 

[0®ofBi#*SiW] 

[0 1 ] *mn<DW. i <Dmmv>jemv>iBKnyt&m(o 
[02] EIlOXAXf- ->*ws atftfaiifflx 

f— 1 4 ^/TtfliTSSo 
[03] 0 1 OW^f-i/'R S T, St/ltWffl 

[04] mi<Dmm<D&micis^T. ftmrnxr—i? 
[05] *&w<om2(Dmm(D]&me>mfenytm&<n 

[06] 0 5O*5SomiO2OcD^x/\X^— >"W 
ST1, WST2t> 2OC0^^;l/X^— >"R S T 
1. RST2t, «»7ie^3RPL 1 t, 
8 8 A, 8 8 B i:OffigK^^-r-?4M0T-^S„ 

[07] 0 5 (o^^s^-^commmmcomm^m 



(21) 
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[0 8] ^m<om2<omm(Dmmic^xmmtti 
im 9 ] 2 (ommmm^mwri/^i* 

So 

[0 10] *^c^m2cD||jlO^O r F}$ff>'X^ 
[011] 2 OO^x/nXt-^W S T 1 . W S T 2 

[0 12] 0 11 • 77^^>h^ 



10 
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MA, MB, MCI. MC 2. 

— R. R 1 , R 2 — U*-* 

frT^^tyymm, r s t 
u*-*;i/*-r— w, wi. 

WSTl, WS T2-^XMX 

— 7X1. 7X2. 7 Y. 
2. 1 5 Y -U— FT»»h 1 
««ftt»»3R, 1 1 

7-«*gg, 2 

^H, 8 3X1-8 3X5, 8 
X 2. 87X5. 87Y1—8 
A, 88B-77^f^>h^ 
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MD 1 , MD 
;k RA, RB-Uf^ 
, R S T 1 , RST2- 
W2-<>X7\ WS T, 

8 Y, 15X1, 1 5 X 

o-iiw»R, i i -« 
3 8-*r— ; *s»m 

3 Y 1 — 8 3 Y 4, 87 
7Y5-T»th 8 8 

9 0-±*J»Se|1 




[02] 



15X1 
1 5X2 



(WST 




1.3 



X 20 I 
■ ^ , 21X-W 
PL 19 



14 
23V 
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78 



[05] 
54 52 50 48 46 



44 
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79^ 
88A 80 , 
WSTt^ 
92X2V W1 , 



V88B~ ~^ 1 



-38 



W2 92X5/' 87X5 



.86 



[07] 
87Y2 93? 



93A 



) 8™ \ «Y* , 



37Y5 



37T 



r 



92Y2 

92Y1 _ 

III I85Y 
DX2 • ^j-j**- JjftY 

M J> Si m w 

94A~ V 94B 



92Y3 
84Y 



93B 



96A 

L 



-92Y4 
y92Y5 



65X g2X5 



87X5 



T 

930 



96B 



[06] 

B3Y3 83Y4 
91Y3,£h ^1 ,9U4 
/-89D 




Q-83XI 
--82A, 83 X2 

7—91X3 




92X2 



(a) l*2-*2|0 



<*2 



k=N-1 



(b) «^2-E2>7£ 



k=N 



k=N+1 



<f>2 





1 




































1 








" k-N-1 ' 


k=N : k=N+1 "> 





Y 

d 



(c) <t>2-£2 



e2 
♦ 



*2 

1_ 



> 

k=N-1 k^N k=N+1 ^ ! 
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[08]. 




WST2 



[09] 



SR 



S2 




92X11 



1 1] 



92Y2 92Y3 



92Y5 




98C N W1 




f=T- 85X 
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F^— A(##) 2H097 AA12 BA01 KA03 KA28 KA38 
LA10 

5F046 AA13 CC01 CC02 CC13 CC16 

CC17 DB05 DB10 DC05 DC12 



